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{Convention de La Haye du 5 Octobre 1961)

1. Country

This public document .
2. has been signed by

3. acting in the ca'pacity of

4. and bears the seal/stamp of

CERTIFIED

S. at Austin, Texas
7. by the Secretary of State of Texas

8. Certificate No. N-802693

United States of America

VALORIE CASEY
Notary Public, State of Texas

VALORIE CASEY,
Notary Public, State of Texas,
Commission Expires: 10-16-14

10. Signature:

Ilope Andrade
Sceretary of State
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POWER OF ATTORNEY
In the city of Eouston, Texas on the3lst day of the month
of Mav Jwo thousand and eleven (2011) before
me, Valorie Casey Notary Pubilic, appeared
James W. Ferguson of age, and domiciled at
Houston, Texas , and stated:

FIRST: That he/she acts in his/her capacity of Senior Vice President & Deputy
of HALLIBURTON ENERGY SERVICES, INC, legally constituted and in existence
in accordance with the laws of the State of Delaware  United States of America and
domiciled at 2601 Bellline Road, Carroliton, Texas 75006, United States of America, as
evidenced in the documents which | have examined.

SECOND: That in such capacity he/she grants hereby special, ample and sufficient
Power of Attorney to DARIO CARDENAS-NAVAS and/or LUZ HELENA ADARVE-
GOMEZ and/or EDUARDC CARDENAS-CABALLERQO and/or BERNARDO P.
CARDENAS-MARTINEZ and/or JUANITA ACOSTA GOMEZ and/or JULY GALINDO
QUINTERQO, registered lawyers of the firm CARDENAS & CARDENAS-LAWYERS,
domiciled at Carrera 7 No. 71-52, Torre B, Piso 9 Bogotd, D.C., Colombia, to carry
before the corresponding Colombian national Offices and authorities the proceedings
to obtain trademarks, patents, utility models, industrial drawings and designs, deposits
of commercial names and ensigns, as well as processing of renewals, assignments,
change of name or domicile of the owner, waivers and licenses of the same for which
purpose they are empowered to take before said authorities all necessary actions for
the indicated purposes; to file applications, statements, claims, formulate descriptions,
amendments, oppositions and appeals; pay all taxes and installments and make any
other payments determined by law; to receive every document and values issuing the
respectwe discharge; to fuliill any other requirements and take, in general, every
' yishall deem opportune for the defense and protection of the Industriai
mpany in the event of infringements, oppositions, proceedings for
nnulment, imposition of fines, passing the antecedents to the courts;
‘red to appear as plaintiff or defendant before the competent judges,
ansact, submlt to arbitration, waive, recelve reS|gn withdraw, appeal

FEGNED A Texas ON May 31, 2011
BY W M"“’”’
[dames W.Ferguson
\L QJ)‘X‘;"&) Qlj\ Ei .'\\
NOTARY PUBLIC (Sighature)

(Apostille is required)

OMMISION EXPIRES:

3
5 ,-;;»;55: 10-16-2014
>

I/ VALORlE CASEY
g Yo NOTARY PUBLI STATEOF TEXAS

General Counsel



The undersigned Notary Public certifies that Mr. Jomey ld : K e comAga

appeared before me and signed the preceding document; that | know him peJrsonally

and | am certain that he has legal capacity to grant it; that he iSSenior Vice President &
Deputy General Counsel of HALLIBURTON ENERGY SERVICES,

INC., and is consequently authorized to grant such document; that the company is

organized under the laws of the State of Delaware, United States of America, and is

domiciled 2601 Beltline Road, Carroliton, Texas 75006, United States of America: and that

the act for which this document is granted is included among those which constitute the

corporate object of said company.

t-am certain of all these facts because | have examined the respective documents
consisting of certificate of good standing, certificate of incumbency

and bylaws of the company all of which | hereby
AL,

NOTARY PUBLIC (signature) !

Issued and signed in Houston, Texad
Dated SI‘?\)AO\\

attest.

VALORIE CASEY
WOTARY PUBLIC STATE 0F TEXAS
COMEESI0n

EXPRED:

10-16-2014

{Apostille is required})




el A Aok

MARTHA SOFIA SARMIENTO SOLANOC - TRADUCTORA OFICIAL M y %"""”4 .9’

Carrera 11D # 124 - 51 Apto_ 800 Int. 2 - (571) 2138034 Bogoth - Colombia Traductors Oficial Jursmentads
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TRADUCCION OFICIAL DE LOS SIGUIENTES DOCUMENTOS: APOSTILLA DE LA
CONVENCION DE LA HAYA No. N-802693, con fecha del 9 de Junio de 2011, firmada por
Hope Andrade - Secretario de Estado. PODER DE ABOGADO otorgado por la Compaiiia
Halliburton Energy Services, Inc., a la Firma de Abogados Cérdenas y Cardenas, de Bogots,
Colombia, firmado por James W. Ferguson - Vicepresidente Principal y Asesor Legal
General Adjunto de dicha compaiiia, ante Valorie Casey, Notario Puablico del Estado de
Texas, con fecha del 31 de mayo de 2011. CERTIFICACION NOTARIAL expedida y firmada
- por Valorie Casey, Notario Piblico def Estado de Texas, con fecha del 31 de mayo de 2011.

Traduccion realizada por Martha Sofia Sarmiento Solano, Traductora e intérprete oficial
espaiiol — inglés - espafiol, nombrada para el cargo mediante Resolucion del Ministerio de
Justicia, n° 835, del 3 de mayo de 1988.

ESTADO DE TEXAS
SECRETARIO DE ESTADO

APOSTILLA
convencion de La Haya, 5 de octubre de 1961)

1. Pais: . Estados Unidos de América

El presente documento pubiico

2. hasido firmado por. VALORIE CASEY
3. actuando en calidad de: Notario Pablico, Estado de Texas
4. Lleva el sello/ Timbre de: VALORIE CASEY

Notario Publico, Estado de Texas
Mi Comisién Finaliza el 10-16-14
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9.

En:

El:

Por:

Certificado Namero:

Lleva Sello /Timbre;

10. Firmado por:

CERTIFICADO

Austin, Texas
9 de junio de 2011

Secretario de Estado del Estado de Texas

N-802693

Del Estado de Texas

__Firma Autéarafa
Hope Andrade

Secretario de Estado

STleg
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PODER DE ABOGADO

En la ciudad de Houston, Texas, a los 31 dias del mes de mayo del aio dos mil
once (2011), ante mi, Valorie Casey Notario Publico, comparecié James W.

Fergusont, mayor de edad y con domicilio en Houston, Texas, quien declaré lo
siguiente:

PRIMERO: Que él actia, en su calidad de Vicepresidente Principal y Asesor Legal

General Adjunto de HALLIBURTON ENERGY SERVICES, INC., una Compania

legalmente constituida y en existencia de conformidad con las leyes del Estado de

Delaware, Estados Unidos de América y cuyo domicilio se encuentra ubicado en el

2601 Beltline Road, Carrollton, Texas 75006, Estados Unidos de América, de
qHe se evidencia en los documentos que he examinado.

}ABOGADOS con sede en la Carrera 7 No. 71-52, Torre B, Piso 9, en Bogota,
D.C., Colombia, para que gestionen en Colombia ante las Oficinas y Autoridades
correspondientes la obtencion de registros de marcas comerciales, patentes,
modelos de utilidad, disefios y dibujos industriales, depositos de nombres y
ensefias comerciales, como también para el procesamiento de renovaciones,
cesiones, cambios de nombre o domicilio del titular, renuncias y licencias de lo
arriba mencionado, propésitos para los cuales se les otorga poder para que lleven
a cabo ante dichas autoridades todas las acciones necesarias para los propositos
indicados, como radicar solicitudes, hacer declaraciones, reclamaciones, formular
descripciones, realizar enmiendas o modificaciones, interponer recursos de
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Carrera 11D # 124 - 51 Apto, 809 Int. 2 - {571) 2133034 Bogots - Colombia ;
E-mail: mssarmiento2@yahoo.com 571) °g0 Traductora Oficial Juramentads
Resolucion No. 835 Minjusticia

oposicion y apelaciones; pagar todos los impuestos y cuotas y hacer cualquier otro
pago establecido por ley; recibir todos los documentos y dineros y emitir el
descargo correspondiente; cumplir con cualquier otro requerimiento y tomar, en
general, todas las medidas que consideren apropiadas y oportunas para defender
y proteger la Propiedad Industrial de la Comparfia en el evento de infracciones,
oposiciones, procesos para cancelacion o anulacion, imposicion de sanciones,
presentar antecedentes ante las Cortes y Tribunales. Ademas, quedan facultados
para comparecer como demandantes o demandados ante Jueces competentes,
también se les da poder para negociar, solicitar arbitraje, ceder, recibir, dimitir,
rescindir o desistir, apelar, ratificar y todos los poderes legales adicionales que
sean necesarios. También se declara que a partir de ahora todas ias acciones que
realicen dichos abogados respaldando este Poder de Representacion y para
beneficio de la Compafifa son buenas y validas. Adicionalmente se les otorga
facultades para sustituir este Poder y si es necesario revocar dichas sustituciones.

TERCERO: Con el propdsito de cumplir con los articulos 597 y 543 del Cddigo
Colombiano de Comercio, dichos abogados quedan facuitados para recibir

notificaciones judiciales y designar abogados judicial y extrajudicialmente%
/«"%".&’ﬁ\
rSee) g{x

FIRMADO EN: Houston, Texas El 31 de mayo de 2011

POR: (Firma Autégrafa)
James W. Ferguson

(Firma Autdgrafa)
Notario Pablico (Firma)

(Requiere de Apostilla)

VALORIE QASEY
NOTARIO PUBLICO NOTARIO PUBLICO
ESTADO DE TEXAS ESTADO DE TEXAS
MI COMISION FINALIZA EL
10-16-2014
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El suscritc Notario Publico, certifica que el Sefor James W. Ferguson,

comparecié ante mi y firmé el documento anterior; que o conozco personalmente
y estoy seguro que €l tiene la facultad legal para otorgarlo, que él es el
Vicepresidente Principal y Asesor legal General Adjunto de HALLIBURTON
ENERGY SERVICES, INC., y por consiguiente esta autorizado para expedir y
otorgar dicho documento. Que la Compaiiia esta organizada bajo las leyes de
Delaware y su domicilio es el 2601 Belline Road, Carroliton, Texas 75006,
Estados Unidos de América. Ademas certifico qué el acto para el cual se expide y
otorga este documento esta incluido entre los qﬂue constituyen el objeto corporativo
de la mencionada Compaifiia.

Tengo la certeza sobre la veracidad de todos estos hechos debido a que examiné
jos documentos respectivos, que consistieron en gl Certificado de Buen Estatus el

Certificado de Responsabilidad y los Estatutos de la Compaiiia. Doy testimonio de
todo lo anterior.

Seilo del Notario:

Firma Autdgrafa
Notario Publico (Firma)
Expedida y firmada en Houston, Texas NOTARIO PUBLICO
, ESTADO DE TEXAS

Fechada el 5/31/2011

(Requiere de Apostilla)

CERTIFICO QUE ESTA ES UNA TRADUCCION FIEL DEL INGLES AL ESPANOL DE

DOCUMENTOS QUE HE TENIDO A LA VISTA; QUE SOY TRADUCTORA E INTERPR
OFICIAL ACREDITADA POR RESOLUCION N° 835 DEL 3 DE MAYQO DE 1988 DEL
MINISTERIO DE JUSTICIA Y QUE ESTOY REGISTRADA ANTE EL MINISTERIO DE

RELACIONES EXTERIORES DE COLOMBIA.

.9’5’,,,,.@&_7"

Tradactors Oficisl Jursmentsda
Resolucifn No. 835 Minjusticis

Bogots, 14 de Julio de 2011
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SISTEMA Y METODO PARA AJUSTAR DINAMICAMENTE EL CENTRO
DE GRAVEDAD DE UN APARATO DE PERFORACION

CAMPO TECNICO DE LA INVENCION

Esta invencidn se relaciona, en general, con la perforacion de un hoyo que atraviesa
una formacién subterranea que contiene un fluido usando cargas huecas y, en particular, con
un aparato y un método para ajustar dindmicamente el centro de gravedad de un aparato de

perforacion.

ANTECEDENTES DE LA INVENCION

Sin limitar el alcance de la presente invencion, sus antecedentes se describiran con
referencia a la perforacion de una formacion subterranea con un aparato de perforacion con
carga hueca, como un ejemplo.

Después de perforar varias secciones de un hoyo subterrdneo que atraviesa una
formacion, los tramos individuales de conductos tubulares de metal de diametros
relativamente grandes tipicamente se aseguran de forma conjunta para formar una sarta de
revestimiento que se posiciona dentro del hoyo. Esta sarta de revestimiento aumenta la
integridad del hoyo y proporciona una trayectoria para producir fluidos desde los intervalos
de produccion hacia la superficie. Convencionalmente, la sarta de revestimiento se cementa
dentro del hoyo. Para producir fluidos hacia dentro de la sarta de revestimiento, se debe hacer
una abertura hidraulica o perforacidn a través de la sarta de revestimiento, el cemento y una
corta distancia dentro de la formacion.

Tipicamente, estas perforaciones se crean mediante la detonacidén de unas series de
cargas huecas localizadas dentro de la sarta de revestimiento que se posicionan de forma
adyacente a la formacion deseada. Especificamente, uno o mas portadores de carga se cargan
con cargas huecas que se conectan con un dispositivo de detonacion, tal como un cordén de
detonacion. Los portadores de carga se conectan entonces dentro de una sarta de herramientas
que se baja hacia dentro del hoyo revestido en el extremo de la sarta de produccion, cable de
alambre, cable solido de alambre, tuberia de produccion en espiral o similar. Una vez que los
portadores de carga se posicionan correctamente en el hoyo de manera que las cargas huecas
estan adyacentes a la formacion a ser perforada, las cargas huecas se detonan. Durante la

detonacién, las cargas huecas crean chorros que explotan a través de escalopes o huecos en el
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portador. Cada chorro crea una abertura hidraulica a través de la tuberia de revestimiento y el
cemento y entra en la formacion formando una perforacion.

Se ha encontrado, sin embargo, que en ocasiones es deseable perforar un hoyo en una
direccidn particular o rango de direcciones en relacion con el hoyo. Por ejemplo, en un pozo
desviado, inclinado u horizontal, es frecuentemente beneficioso formar perforaciones en la
direccion ascendente, direccion descendente o ambas. Se han hecho intentos para alcanzar
este objetivo de perforar pozos en direcciones particulares. Un método para orientar las
cargas de perforacion en el fondo del pozo requiere que las cargas se monten rigidamente en
un portador de pistola de manera que las mismas apunten hacia las direcciones deseadas en
relacién con el portador. El portador de pistola entonces se transporta hacia dentro de un hoyo
y lo mismo se presiona de manera lateral fisicamente hacia un lado del hoyo de forma que el
portador de pistola busque la parte baja del hoyo debido a la gravedad, o el portador de
pistola se soporta de manera rotable con su centro de gravedad lateralmente desplazado en
relacion con el hoyo. Este método se basa en la rotacion del portador de pistola en el hoyo, de
manera que el portador de pistola puede orientarse en relacion con la fuerza de gravedad.
Frecuentemente, tal rotacion de orientacién es poco fiable debido a la friccion entre el
portador de pistola y el hoyo, fragmentos en el hoyo o similares.

Mas recientemente, el cesionario de la presente invencion ha desarrollado una pistola
de perforacion que incluye un portador de pistola tubular, cargas de perforacion multiples,
estructuras de montaje de cargas multiples y soportes de rotacion multiple. El aparato de
perforacion internamente orientado ha proporcionado satisfactoriamente un incremento de la
fiabilidad en la orientacion de cargas de perforacion para disparar en las direcciones deseadas
en un pozo. En este disefio, la direccion o direcciones de las perforaciones se establecen
cuando la pistola se ensambla en su fabrica.

Se ha encontrado, sin embargo, que en ciertas instalaciones, es necesario evitar
disparos en una direccion o direcciones particulares. Por ejemplo, uno o mas conductos de
comunicacion o lineas de control pueden extenderse a lo largo del exterior de la sarta de
revestimiento. Durante la instalacion, estos conductos comunmente causan darfio alrededor de
la sarta de revestimiento de manera tal que la localizacion exacta de estas lineas solo se puede
determinar después de la instalacién mediante, por ejemplo, un registro del pozo.

Por consiguiente ha surgido una necesidad de un aparato y método operable para
lograr una confiable orientacion en el fondo del pozo de las cargas huecas en un aparato de
perforacién de manera tal que las cargas huecas disparen en las direcciones deseadas.

Ademas, ha surgido una necesidad de un aparato y método operable para lograr una confiable
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orientacion en el fondo del pozo de las cargas huecas en un aparato de perforacion de manera

tal que las cargas huecas no disparen en direcciones indeseadas.

SUMARIOQ DE LA INVENCION

La presente invencion descrita en la presente comprende un aparato y método para
ajustar dinamicamente el centro de gravedad de un aparato de perforacion. El aparato y
método de la presente invencion son operables para lograr una confiable orientacion de las
cargas huecas en el fondo del pozo en un aparato de perforacion de manera tal que las cargas
huecas disparen en las direcciones deseadas. Ademds, el aparato y méiodo de la presente
invencion son operables para lograr una confiable orientacion de las cargas huecas en el
fondo del pozo en un aparato de perforacion de manera tal que las cargas huecas no disparen
en direcciones indeseadas.

En un aspecto, la presente invencidon se dirige hacia un aparato de perforacion usado
para perforar un pozo subterraneo. El aparato de perforacion incluye un portador de pistola
generalmente tubular que tiene un sostenedor de carga montado de manera rotable en el
mismo. Al menos una carga hueca se monta en el sostenedor de carga y es operable para
perforar el pozo durante la detonacion. Un sistema de peso dindmicamente ajustable se asocia
de manera operable al sostenedor de carga. El sistema de peso dinamicamente ajustable es
operable para ajustar el centro de gravedad del sostenedor de carga de manera que la
gravedad provocard que el sostenedor de carga rote dentro del portador de pistola para
posicionar al menos una carga hueca en una direccion circunferencial deseada en relacion con
el pozo previo a la perforacion.

En una modalidad, el sistema de peso dinamicamente ajustable incluye una pluralidad
de pesos discretos que se acoplan individualmente al sostenedor de carga en una pluralidad de
localizaciones longitudinales. En esta modalidad, para cada una de las localizaciones
longitudinales, el sostenedor de carga puede incluir una pluralidad de aberturas distribuidas
circunferencialmente de manera que las aberturas se distribuyan uniformemente en
incrementos de aproximadamente 15 y 60 grados. Alternativamente, para cada una de las
localizaciones longitudinales, el sostenedor de carga puede incluir una ranura que se extiende
circunferencialmente que se puede extender circunferencialmente entre aproximadamente 90
y 180 grados.

En otra modalidad, el sistema de peso dindmicamente ajustable incluye una pluralidad

de tubos que se extienden longitudinalmente operables para contener un material pesado
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dentro de los mismos. En una modalidad adicional, el sistema de peso dindmicamente
ajustable incluye pesos formados a partir de un material maleable. En atin otra modalidad, el
sistema de peso dindmicamente ajustable incluye un tubo de peso que es rotable en relacidn
con el sostenedor de carga. En cualquiera de estas modalidades, al menos una carga hueca
puede incluir una pluralidad de cargas huecas que se pueden posicionar en el sostenedor de
carga para disparar sustancialmente en la misma direccion circunferencial o las cargas huecas
se pueden posicionar en el sostenedor de carga para disparar en multiples direcciones
circunferenciales.

En otro aspecto, la presente invencion se dirige a un aparato de perforacion utilizado
para perforar un pozo subterraneo. El aparato de perforacion incluye un portador de pistola
generalmente tubular que tiene un tubo de carga montado de manera rotable en el mismo. El
tubo de carga incluye una pluralidad de ranuras que se extienden circunferencialmente. Al
menos una carga hueca se monta en el tubo de carga y es operable para perforar el pozo
durante la detonacion. Un sistema de peso dindmicamente ajustable se acopla al tubo de
carga. El sistema de peso dinamicamente ajustable incluye una pluralidad de pesos discretos
que se acoplan al tubo de carga en las ranuras de manera que la localizacién circunferencial
de los pesos es ajustable a lo largo de las ranuras para ajustar el centro de gravedad del tubo
de carga de manera que la gravedad provocara que el tubo de carga rote dentro del portador
de pistola para posicionar al menos una carga hueca en una direccién circunferencial en
relacidn con el pozo previo a la perforacion.

En una modalidad, las ranuras adyacentes en el tubo de carga se extienden en
direcciones circunferencialmente opuestas. En otra modalidad, los pesos se unen al tubo de
carga usando pernos que son selectivamente desplazables dentro de las ranuras.

En otro aspecto, la presente invencion se dirige a un método para perforar un pozo
subterraneo. El método incluye identificar al menos una direccion circunferencial indeseada
asociada con un intervalo de perforacion en el pozo; ajustar los componentes de un sistema
de peso dinamicamente ajustable para cambiar el centro de gravedad de un sostenedor de
carga montado de manera rotable dentro de un portador de pistola; posicionar el portador de
pistola dentro del intervalo de perforacion en el pozo; alinear gravitacionalmente al menos
una carga hueca montada en el sostenedor de carga en al menos una direccidn circunferencial
deseada en relacion con el pozo que no se corresponda con al menos una direccion
circunferencialmente indeseada; y disparar al menos una carga hueca para perforar el pozo en

al menos una direccion circunferencialmente deseada.
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El método puede incluir ademas relocalizar los pesos discretos circunferencialmente
alrededor del sostenedor de carga. Esto se puede lograr relocalizando los pesos discretos en
relacién con las aberturas distribuidas circunferencialmente en el sostenedor de carga o
relocalizando los pesos discretos en relacion con las ranuras extendidas circunferencialmente
en el sostenedor de carga. Alternativamente, el método puede incluir cambiar la cantidad del
material pesado en al menos un tubo que se extiende longitudinalmente, remodelar el material
maleable dispuesto dentro del sostenedor de carga o rotar un tubo de peso en relacidn con el

sostenedor de carga.

BREVE DESCRIPCION DE LAS FIGURAS

Para un entendimiento mas completo de las caracteristicas y ventajas de la presente
invencidn, ahora se hace referencia a la descripcion detallada de la invencion junto con las
figuras acompafantes en las cuales los nimeros de referencia correspondientes en las
diferentes figuras se refieren a las partes correspondientes y en las cuales:

La Figura 1 es una ilustracion esquematica de una plataforma mar adentro de petrdleo
y gas que opera una pluralidad de aparatos para dindmicamente ajustar el centro de gravedad
de aparatos de perforacion de la presente invencion;

La Figura 2 es una vista en seccion transversal de una modalidad de un aparato para
ajustar dinamicamente el centro de gravedad de un aparato de perforacion de la presente
invencion;

Las Figuras 3A-3B son vistas laterales y en seccidn transversal de una modalidad de
un aparato para ajustar dinamicamente el centro de gravedad de un aparato de perforacion de
la presente invencion;

Las Figuras 4A-4B son vistas laterales y en seccion transversal de una modalidad de
un aparato para ajustar dindmicamente el centro de gravedad de un aparato de perforacion de
la presente invencion;

La Figura 5 es una vista en seccion transversal de una modalidad de un aparato para
ajustar dinamicamente el centro de gravedad de un aparato de perforacion de la presente
invencion;

La Figura 6 es una vista en seccion transversal de una modalidad de un aparato para
ajustar dindmicamente el centro de gravedad de un aparato de perforacion de la presente

invencion;

"
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Las Figuras 7A-7B son vistas en seccion transversal de una modalidad de un aparato
para ajustar dindmicamente el centro de gravedad de un aparato de perforacion de la presente
invencion;

Las Figuras 8A-8G son varias vistas de una modalidad de un aparato para ajustar
dindmicamente el centro de gravedad de un aparato de perforacion de la presente invencion;

Las Figuras 9A-9B son vistas laterales y superiores de una modalidad de un aparato
para ajustar dindmicamente el centro de gravedad de un aparato de perforacion de la presente
invencion; y

Las Figuras 10A-10C son varias vistas de una modalidad de un aparato para ajustar

dindmicamente el centro de gravedad de un aparato de perforacion de la presente invencion.

DESCRIPCION DETALLADA DE LA INVENCION

Aunque la fabricacion y el uso de las diferentes modalidades de la presente invencion
se tratan en detalle mas adelante, se deberia apreciar que la presente invencion proporciona
muchos conceptos inventivos aplicables que se pueden poner en practica en una gran
variedad de contextos especificos. Las modalidades especificas debatidas en la presente son
meramente ilustrativas de las formas especificas de hacer y usar la invencién, y no delimitan

el alcance de la presente invencion.

Con referencia inicialmente a la Figura 1, se ilustra esquematicamente y generalmente
se designa como 10 una pluralidad de aparatos para ajustar dinamicamente el centro de
gravedad de aparatos de perforacion que operan en una plataforma mar adentro de petréleo y
gas. Una plataforma semi-sumergible 12 se centra sobre una formacion de petroleo y gas
sumergida 14 localizada debajo del lecho marino 16. Un conducto submarino 18 se extiende
desde la cubierta 20 de la plataforma 12 hasta la instalacion del cabezal de pozo 22
incluyendo dispositivos que evitan los reventones submarinos 24. La plataforma 12 tiene un
aparato de levantamiento 26 y una torre de perforacion 28 para elevar y bajar las sartas de

tuberia, tales como una sarta de trabajo 30.

Un hoyo 32 se extiende a través de diferentes estratos de tierra incluyendo la
formacion 14. Una tuberia de revestimiento 34 se cementa dentro del hoyo 32 con el cemento
36. La sarta de trabajo 30 incluye varias herramientas tales como una pluralidad de aparatos
de perforacion o pistolas 38. Cuando se desea perforar la tuberia de revestimiento 34, la sarta

de trabajo 30 se baja a través de la tuberia de revestimiento 34 hasta que las pistolas de
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perforacion 38 se posicionan apropiadamente en relacion con la formacion 14. Después de
eso, las cargas huecas dentro de la sarta de pistolas de perforacion 38 se disparan
secuencialmente, lo mismo en una direccidon pozo arriba hacia pozo abajo que pozo abajo
hacia pozo arriba. Durante la detonacion, las camisas de las cargas huecas forman chorros
que crean unas series espaciadas de perforaciones que se extienden por fuera a través de la
tuberia de revestimiento 34, el cemento 36 y hacia dentro de la formacion 14, permitiendo de

esta forma la comunicacion de fluidos entre la formacion 14 y el hoyo 32.

En la modalidad ilustrada, el hoyo 32 tiene una parte inicial, generalmente vertical 40

y una parte inferior, generalmente desviada 42 que se ilustra estando horizontal. Se debe

observar, sin embargo, por aquellos expertos en el arte que los aparatos para ajustar

dinamicamente el centro de gravedad de un aparato de perforacion de la presente invencion
es igualmente bien adecuado para su uso en otras configuraciones de pozo que incluye, pero
no se limitan a, pozos inclinados, pozos sin restricciones, pozos no desviados, pozos
multilaterales y similares. Ademas, aunque se ha representado en la Figura 1 una operacién
mar adentro, el aparato para ajustar dinamicamente el centro de gravedad de un aparato de
perforacion de la presente invencion es igualmente bien adecuado para su uso en operaciones
en tierra.

La sarta de trabajo 30 incluye un empacador 44 que se puede acoplar de manera
sellada con la tuberia de revestimiento 34 y se ilustra en la parte vertical 40 del hoyo 32. En
el extremo inferior de la sarta de trabajo 30 esta la sarta de pistola que incluye la pluralidad
de pistolas de perforaciéon 38, un niple con puertos 46 y un cabezal de disparo 48. En la
modalidad ilustrada, las pistolas de perforacion 38 incluyen caracteristicas de orientacion
interna que permiten una orientacion confiable del tubo de carga dentro del portador de
pistola como se describe en la patente de los Estados Unidos No. 6,595,290 concedida a
Halliburton Energy Services, Inc. el 22 de julio de 2003, la cual se incorpora en la presente
como referencia para todos los propositos.

Con referencia ahora a la Figura 2, en la misma se representa un aparato de
perforacién que incluye un aparato para ajustar dindmicamente el centro de gravedad del
aparato de perforacion de la presente invencion que generalmente se designa como 100. En la
siguiente descripcion del aparato 100 asi como de otros aparatos y métodos descritos en la
presente, los términos direccionales tales como “encima”, “debajo”, “superior”, “inferior” y
similares se usan por conveniencia en referencia a las ilustraciones y se debe entender que las

diferentes modalidades de la invencion se pueden usar en diferentes orientaciones tales como

AD



20

25

30

inclinada, invertida, horizontal, vertical y similares y en varias configuraciones, sin separarse
de los principios de la invencion.

La pistola 100 incluye una pluralidad de cargas huecas 102 que se montan de forma
segura en un sostenedor de carga que se representa como el tubo de carga 104. E} tubo de
carga 104 se monta de manera rotable dentro de un portador de pistola 106. Preferiblemente,
el tubo de carga 104 se hace de una tuberia cilindrica, pero se debe entender que no es
necesario que el tubo de carga 104 sea tubular o tenga una forma cilindrica de acuerdo con
los principios de la invencion. El tubo de carga 104 incluye multiples soportes 108 que
permiten que el tubo de carga 104 rote dentro del portador de pistola 106. Esta forma de
soportar de manera rotable el tubo de carga 104 evita que las cargas 102 o cualquier otra
parte del tubo de carga 104 hagan contacto con el interior del portador de pistola 106.

Cada uno de los soportes 108 incluye elementos de rodamiento o cojinetes 110 que
contactan el interior del portador de pistola 106. Por ejemplo, los cojinetes 110 pueden ser
cojinetes de bola, cojinetes de rodillos, cojinetes planos o similares. Los cojinetes 110
posibilitan que los soportes 108 suspendan el tubo de carga 104 en el portador de pistola 106
y permitan la rotacion del mismo. Ademas, se pueden posicionar cojinetes de empuje
opcionales 112 entre cada extremo del tubo de carga 104 y el portador de pistola 106 de
manera que los cojinetes de empuje 112 hagan contacto con los dispositivos 114 unidos a
cada extremo del portador de pistola 106. Cada dispositivo 114 puede ser unos tandems que
se usan para acoplar dos pistolas entre si, un tapon macho usado para terminar una sarta de
pistola, un cabezal de disparo, o cualquier otro tipo de dispositivo que se pueda unir al
portador de pistola 106. Al igual que los cojinetes 110 descritos anteriormente, los cojinetes
de empuje 112 pueden ser cualquier tipo de cojinetes. Los cojinetes de empuje 112 soportan
el tubo de carga 104 contra la carga axial dentro del portador de pistola 106, al mismo tiempo
que permiten que el tubo de carga 104 rote dentro del portador de pistola 106,

El tubo de carga 104, las cargas 102 y otras partes de la pistola 100 soportadas en el
portador de pistola 106 mediante los soportes 108 incluyen, por ejemplo, un cordon de
detonacion 166 que se extiende a cada una de las cargas y partes de los soportes, son partes
de un conjunto de ensamble de rotacion 118. Mediante el desplazamiento de un centro de
gravedad 120 del ensamble 118 en relacion con un eje rotacional longitudinal 122 de los
cojinetes 110, el ensamble 118 se presiona por gravedad para que rote hacia una posicidn
especifica en la cual el centro de gravedad 120 se localiza directamente debajo dei eje

rotacional 122.
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Un ensamble 118 puede, debido a la construccion de varios elementos del mismo,
tener inicialmente el centro de gravedad 120 en una posicion deseada en relacion con las
cargas 102. Sin embargo, para asegurar que las cargas 102 estén dirigidas a disparar en las
direcciones respectivas predeterminadas, el centro de gravedad 120 puede reposicionarse
usando un sistema de peso dinamicamente ajustable que se representa como los pesos 124.
En la modalidad ilustrada, en el lado izquierdo de la Figura 2, los pesos 124 se adicionan al
ensamble 118 para dirigir las cargas 102 a disparar hacia arriba, mientras en el lado derecho
de la Figura 2, los pesos 124 se adicionan al ensamble 118 para dirigir las cargas 102 a
disparar hacia abajo. Como se debate en mayor detalle a continuacion, los pesos 124 se
pueden posicionar de otra manera para dirigir las cargas 102 a disparar en cualquier direccién
deseada, o combinacion de direcciones y para evitar disparos en direcciones indeseadas.

El portador de pistola 106 se proporciona con partes de espesor de pared reducidol 26,
que se extienden circunferencialmente sobre el portador 106 por fuera sobre cada una de las
cargas 102. Por consiguiente, cuando las cargas 102 rotan dentro del portador 106, las
mismas se mantienen dirigidas a disparar a través de las partes 126. Las partes de espesor de
pared reducido 126 se pueden formar en el portador 106 mediante laminado, forjado,
maquinado en torno o cualquier otra técnica adecuada.

Con referencia a continuacion a las Figuras 3A y 3B, en las mismas se representan
vistas laterales y en seccidn transversal de un aparato para ajustar dindmicamente el centro de
gravedad de un aparato de pertforacién de la presente invencion que generalmente se designa
como 130. El aparato 130 incluye un sostenedor de carga representado como un tubo de carga
132 que aloja una pluralidad de cargas huecas 134. En la modalidad ilustrada, las cargas
huecas 134 se configuran en un patron de fases de 180 grados, sin embargo, aquellos expertos
en el arte apreciaran que cualquier nimero de patrones de fases alternativos de las cargas
huecas es posible y se considera dentro del alcance de la presente invencion.

El aparato 130 incluye ademds un sistema de peso dindmicamente ajustable
representado como los pesos 136. En la modalidad ilustrada, cada uno de los pesos 136
incluye una parte roscada que es operable para recibir en la misma un perno roscado
complementario 138. Los pesos 136 se unen consecuentemente al tubo de carga 132 pasando
la parte del eje de un perno 138 a través de una de la pluralidad de aberturas 140 en el tubo de
carga 132 y luego se acopla ese perno 138 de manera rotable a uno de los pesos 136. Como se
ilustra, cada localizacion longitudinal del tubo de carga 132 que se disefa para recibir un peso
136 tiene ocho aberturas 140 que estan espaciadas circunferencialmente en incrementos de 45

grados. Se debe entender por aquellos expertos en el arte, sin embargo, que cualquier numero
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de aberturas que tengan cualquier espaciamiento circunferencialmente uniforme o no
uniforme deseado es posible y se considera dentro del alcance de la presente invencion,
siempre que la integridad estructural del tubo de carga 132 se mantenga. Por ejemplo, se
puede desear tener aberturas que estén espaciadas circunferencialmente de manera uniforme
alrededor de un tubo de carga en incrementos de aproximadamente entre 15y 60 grados.
Como se usa en la presente, el término dindmicamente ajustable se refiere a la
capacidad de cambiar el centro de gravedad de un aparato de perforacién en el campo por el
contrario de solo cuando se fabrica el aparato de perforacion. Esta capacidad proporciona la
versatilidad para hacer ajustes al aparato 130 que no sélo permitiran que el personal del
campo dispare en una direccion deseada sino que ademas evitaran disparos en una direccion
indeseada, tal como en la direccion de una linea de control dispuesta en el exterior de la sarta
de revestimiento. Continuando con este ejemplo, si una o mas lineas de control se posicionan
en el exterior de la sarta de revestimiento, es imperativo evitar provocar daiio a las lineas de
control durante el proceso de perforacion. Como estas lineas de control cominmente se

encuentran en una configuracion en espiral alrededor de la sarta de revestimiento durante la

instalacion, la localizacidn actual de las lineas de control se debe determinar antes de perforar

el pozo mediante, por ejemplo, el registro del pozo. Una vez que se conoce la localizacion
circunferencial de las lineas de control para cada profundidad del pozo, la presente invencion
permite que el personal de campo ajuste a la medida la sarta de pistola de perforacion de
manera que las lineas de control se puedan evitar y el pozo se pueda perforar en las
orientaciones direccionales deseadas.

En la modalidad ilustrada, esto se logra reposicionando los pesos 136 en relacion con
cualquiera de las aberturas respectivas 140 espaciadas circunferencialmente alrededor del
tubo de carga 132. Por ejemplo, si el tubo de carga 132 estuviera instalado dentro de un
portador de pistola como se configura en la Figura 3By se utilizara en un pozo horizontal, los
pesos 136 podrian provocar que el tubo de carga 132 rote hacia la posicién representada en la
Figura 3B en donde las cargas huecas 134 podrian disparar a 0 y 180 grados en el pozo. Si los
pesos 136 se movieran cada uno hacia la siguiente posicion adyacente, las cargas huecas 134
podrian disparar a 45 y 255 grados en el pozo. Igualmente, si los pesos 136 se movieran cada
uno nuevamente hacia la siguiente posicion adyacente, las cargas huecas 134 podrian disparar
a 90 y 270 grados en el pozo. Consecuentemente, las direcciones en que las cargas huecas
perforaran el pozo se pueden ajustar dinamicamente por el personal de campo luego de que se

haya determinado la localizacién de cualquier riesgo del hoyo.
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Aunque las Figuras 3A-3B han representado a los aparatos 130 teniendo un peso
posicionado entre la carga hueca adyacente, se debe entender por aquellos expertos en el arte
que no se requiere ninguna relacion particular entre el nimero de pesos y el namero de cargas
huecas en un aparato de perforacion dado. El ndmero y configuracién de los pesos y las
cargas huecas variard basado en factores tales como los disparos por pie deseados, el
didmetro del tubo de carga, la masa explosiva de las cargas, el tamafio de los pesos, el
espaciamiento entre las cargas y similares. El factor importante es que el centro de gravedad
sea dinamicamente ajustable para provocar que el tubo de carga rote dentro del portador de
pistola hacia la posicion deseada.

Con referencia a continuacion a las Figuras 4A y 4B, en las mismas se representan
vistas laterales y en seccion transversal de un aparato para ajustar dinamicamente el centro de
gravedad de un aparato de perforacion de la presente invencion que generalmente se designa
como 150. El aparato 150 incluye un sostenedor de carga representado como un tubo de carga
152 que aloja una pluralidad de cargas huecas 154. En la modalidad ilustrada, las cargas
huecas 154 se configuran en un patron de fases de 180 grados, sin embargo, aquellos expertos
en el arte apreciaran que cualquier numero de patrones de fases alternativos de las cargas
huecas es posible y se considera dentro del alcance de la presente invencion.

El aparato 150 incluye ademés un sistema de peso dindmicamente ajustable
representado como los pesos 156. En la modalidad ilustrada, cada uno de los pesos 156
incluye una parte roscada que es operable para recibir en la misma un perno roscado
complementario 158. Los pesos 156 se unen consecuentemente al tubo de carga 152 pasando
la parte del eje de un perno 158 a través de una ranura 160 en el tubo de carga 152 y luego se
acopla de manera rotable ese perno 158 a uno de los pesos 156. Como se ilustra, cada
localizacion longitudinal del tubo de carga 152 que se diseia para recibir un peso 156 tiene
una ranura 160 que atraviesa circunferencialmente 180 grados del tubo de carga 152. Las
ranuras adyacentes 160 del aparato 150 se configuran de manera que se extienden sobre los
lados opuestos del tubo de carga 152. Este disefio mejora la integridad estructural del tubo de
carga 152 y permite una variabilidad infinita en el centro de gravedad del aparato 150. En
ciertas implementaciones, los pesos 156 se pueden colocar en cada uno de las ranuras 160. En
otras implementaciones, puede ser deseable tener los pesos 156 en cada ranura 160 de manera
que cada uno de los pesos 156 se pueda posicionar en la misma posicion circunferencial. Se
debe entender por aquellos expertos en el arte que las ranuras 160 pueden tener otras

orientaciones circunferenciales y pueden tener otros arreglos de espaciamientos relativos,
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uniformes y no uniformes, sin separarse de los principios de la presente invencion, siempre
que se mantenga la integridad estructural del tubo de carga 152.

Como se debatid anteriormente, la combinacion de las ranuras 160 y los pesos 156
permite los ajustes dindmicos en el centro de gravedad de un aparato de perforacion en el
campo. Esta capacidad proporciona la versatilidad para hacer ajustes al aparato 150 que no
solo permitiran que el personal del campo dispare en una direccion deseada sino que ademas
evitaran disparos en una direccion indeseada, tal como en la direccion de una linea de control
u otros elementos de riesgo dispuestos en el exterior de la sarta de revestimiento o dentro de
la sarta de revestimiento. Especificamente, en la modalidad ilustrada, esto se logra
reposicionando circunferencialmente los pesos 156 junto con las ranuras 160, aflojando los
pernos 158, deslizando los pesos 156 hacia las posiciones circunferenciales deseadas y
reasegurando los pesos 156 al tubo de carga 152 con los pernos 158. Si el tubo de carga 152
se instalara dentro de un portador de pistola como se carga en la Figura 4B y se utilizara en
un pozo horizontal, los pesos 156 podrian provocar que el tubo de carga 152 rote hacia la
posicion representada en la Figura 4B en donde las cargas huecas 154 podrian disparara 0 y
180 grados en el pozo. Reposicionar los pesos 156 junto con las ranuras 160, como se
describié anteriormente, permitiria disparar en cualquier direccion circunferencial deseada.
Consecuentemente, las direcciones en que las cargas huecas perforaran el pozo se pueden
ajustar dindmicamente por el personal de campo luego de que se haya determinado la
localizacion de cualquier elemento de riesgo en el hoyo.

Con referencia a continuacion a la Figura 5, en la misma se representa una vista en
seccion transversal de un aparato para ajustar dinamicamente el centro de gravedad de un
aparato de perforacion de la presente invencion que generalmente se designa como 170. El
aparato 170 incluye un sostenedor de carga representado como un tubo de carga 172 que
aloja una pluralidad de cargas huecas (no representado). El aparato 170 incluye ademas un
sistema de peso dindmicamente ajustable 174 que se representa por una pluralidad de tubos
176. Los tubos 176 se extienden al menos parcialmente de manera longitudinal dentro del
tubo de carga 172 y son operables para contener un material pesado tal como un fluido o un
solido. Como se ilustra, el aparato 170 incluye siete tubos tubulares 176 que se distribuyen
circunferencialmente dentro del tubo de carga 172 en incrementos de 30 grados. Se debe
entender por aquellos expertos en el arte que los tubos 176 pueden tener otras orientaciones
circunferenciales, uniformes y no uniformes, dentro del tubo de carga 172 sin separarse de los
principios de la presente invencion. Igualmente, aunque los tubos 176 se representan teniendo

una seccion transversal tubular, los tubos 176 podrian alternativamente tener otras secciones
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transversales incluyendo, pero no limitandose a, secciones transversales ovaladas, secciones
transversales rectangulares, secciones transversales en forma de arco y similares. Ademas,
aquellos expertos en el arte reconoceran que no todos los tubos 176 necesitan tener la misma
seccion transversal o ser del mismo tamafio.

En funcionamiento, el sistema de peso dinamicamente ajustable 174 del aparato 170
permite que el personal de campo haga ajustes dinamicos en el centro de gravedad de un
aparato de perforacion en el campo. Esta capacidad proporciona la versatilidad para hacer
ajustes al aparato 170 que no sélo permitira que el personal del campo dispare en una
direccion deseada sino que ademads evitara disparos en una direccion indeseada, tal como en
la direccion de una linea de control u otro elemento de riesgo dispuesto en el exterior de la
sarta de revestimiento o dentro de la sarta de revestimiento. Especificamente, en la modalidad
ilustrada, esto se logra adicionando o reduciendo el peso dentro de tos tubos 176 mediante,
por ejemplo, la adicion o eliminacion de un fluido tal como agua de los tubos 176. Cuando se
ajusta el peso en los diferentes tubos 176 se puede lograr la rotacion pozo abajo deseada del
tubo de carga 172. Consecuentemente, las direcciones en que las cargas huecas perforaran el
pozo se pueden ajustar dindmicamente por el personal de campo luego de que se haya
determinado la localizacion de cualquier elemento de riesgo en el hoyo.

Con referencia a continuacion a la Figura 6, en la misma se representa una vista en
seccion transversal de un aparato para ajustar dinamicamente el centro de gravedad de un
aparato de perforacion de la presente invencion que generalmente se designa como 180. El
aparato 180 incluye un sostenedor de carga representado como un tubo de carga 182 que
aloja una pluralidad de cargas huecas (no representado). El aparato 180 incluye ademas un
sistema de peso dindmicamente ajustable 184 que se representa por una pluralidad de tubos
186. Los tubos 186 se extienden al menos parcialmente de manera longitudinal a lo largo del
exterior del tubo de carga 182 y son operables para contener un material pesado tal como un
fluido o un sélido. Como se ilustra, el aparato 180 incluye siete tubos tubulares 186 que se
distribuyen circunferencialmente dentro de!l tubo de carga 182 en incrementos de 30 grados.
Se debe entender por aquellos expertos en el arte que los tubos 186 pueden tener otras
orientaciones circunferenciales, uniformes y no uniformes, dentro del tubo de carga 182 sin
separarse de los principios de la presente invencion. Igualmente, aunque los tubos 186 se
representan teniendo una seccion transversal tubular, los tubos 186 podrian alternativamente
tener otras secciones transversales incluyendo, pero no limitdndose a, secciones transversales

ovaladas, secciones transversales rectangulares, secciones transversales en forma de arco y
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similares. Ademas, aquellos expertos en el arte reconoceran que no todos los tubos 186
necesitan tener la misma seccion transversal o ser del mismo tamaiio.

En funcionamiento, el sistema de peso dinamicamente ajustable 184 del aparato 180
permite que el personal de campo haga ajustes dinamicos en el centro de gravedad de un
aparato de perforacion en el campo. Esta capacidad proporciona la versatilidad para hacer
ajustes al aparato 180 que no sélo permitira que el personal del campo dispare en una
direccion deseada sino que ademads evitara disparos en una direccién indeseada, tal como en
la direccion de una linea de control u otro elemento de riesgo dispuesto en el exterior de la
sarta de revestimiento o dentro de la sarta de revestimiento. Especificamente, en la modalidad
ilustrada, esto se logra adicionando o reduciendo el peso dentro de los tubos 186 mediante,
por ejemplo, la adicién o eliminacion de un fluido tal como agua de los tubos 186. Cuando se
ajusta el peso en los diferentes tubos 186, se puede lograr la rotacion pozo abajo deseada del
tubo de carga 182. Consecuentemente, las direcciones en que las cargas huecas perforaran el
pozo se pueden ajustar dindmicamente por el personal de campo luego de que se haya
determinado la localizacion de cualquier elemento de riesgo en el hoyo.

Aunque las Figuras S y 6 han representado tubos localizados respectivamente dentro y
fuera del tubo de carga que son operables para recibir un material pesado dentro del mismo,
aquellos expertos en el arte podrian reconocer que configuraciones alternas también podrian
usarse y se considerarian dentro del alcance de la presente invencion incluyendo, pero no
limitandose a, formar uno o mas pasillos en la pared del tubo de carga o conductos tubulares
similares operables para recibir un material pesado dentro del mismo.

Con referencia a continuacion a las Figuras 7A y 7B, en las mismas se representan
unas vistas en seccion transversal de un aparato para ajustar dinamicamente el centro de
gravedad de un aparato de perforacion de la presente invencion que generalmente se designa
como 190. El aparato 190 incluye un sostenedor de carga representado como un tubo de carga
192 que aloja una pluralidad de cargas huecas (no representado). El aparato 190 incluye
ademds un sistema de peso dindmicamente ajustable 194 que se representa por unos
miembros de peso maleables 196 que se pueden formar a partir de un metal tal como plomo o
un polimero. Los miembros de peso maleables 196 se pueden extender al menos parcialmente
de manera longitudinal a lo largo del interior del tubo de carga 192 o pueden ser elementos de
peso discretos similares a los pesos 136 y 156 descritos anteriormente. Como se ilustra, cada
miembro de peso maleable 196 se acopla al tubo de carga 192 usando uno o mas pernos 198.
En operacion, el sistema de peso dinamicamente ajustable 194 del aparato 190 permite que el

personal de campo haga ajustes dindmicos en el centro de gravedad de un aparato de

14

15



20

25

30

perforacidén en el campo. Esta capacidad proporciona la versatilidad para hacer ajustes al
aparato 190 que no sélo permitird que el personal del campo dispare en una direccion deseada
sino que ademas evitara disparos en una direccion indeseada, tal como en la direccidn de una
linea de control u otro elemento de riesgo dispuesto en el exterior de la sarta de revestimiento
o dentro de la sarta de revestimiento. Especificamente, en la modalidad ilustrada, esto se
logra aplicando presion o fuerza al material maleable que forma los miembros de peso
maleables 196 usando, por ejemplo, una herramienta de ajuste que se dimensiona para
extenderse hacia dentro del tubo de carga 192. La localizacion de al menos una parte de la
masa de los miembros de peso maleables 196 entonces se puede ajustar, como se observa en
una comparacion de las Figuras 7A y 7B, de manera que se puede lograr la rotacion pozo
abajo deseada del tubo de carga 192. Consecuentemente, las direcciones en que las cargas
huecas perforaran el pozo se pueden ajustar dinamicamente por el personal de campo luego
de que se haya determinado la localizacion de cualquier elemento de riesgo en el hoyo.

Con referencia a continuacion a las Figuras 8A-8G, en las mismas se representan
varias vistas de un aparato para ajustar dindmicamente el centro de gravedad de un aparato de
perforacién de la presente invencion que generalmente se designa como 200. Cuando se
ensambla, el aparato 200 forma un ensamble de rotacion 202 que se monta de manera rotable
en un portador de pistola en una manera descrita anteriormente. El aparato 200 incluye un
sostenedor de carga 204 que soporta una pluralidad de cargas huecas 206. El sostenedor de
carga 204 se acopla a las placas de extremo208. Cada placa de extremo 208 incluye una
pluralidad de muescas 210 que se ilustran estando posicionadas circunferencialmente
alrededor de las placas de extremo 208 en incrementos de 60 grados, sin embargo, aquellos
expertos en al arte reconoceran que esas muescas 210 podrian tener configuraciones alternas
incluyendo tener diferentes espaciamiento circunferencial. Ademas, dependiendo del largo
del sostenedor de carga 204, puede ser deseable tener estructuras de adicion que son similares
a las placas de extremo 208 posicionadas en localizaciones intermedias a lo largo del
sostenedor de carga 204 entre ciertas cargas huecas 206. El aparato 200 incluye ademdas un
sistema de peso dinamicamente ajustable representado por el tubo de peso 212. El tubo de
peso 212 se forma a partir de un miembro sustancialmente tubular que tiene una ventana 214,
como se observa mejor en la Figura 8E. En la modalidad ilustrada, la ventana 214 se extiende
aproximadamente 120 grados circunferencialmente alrededor del tubo de peso 212, sin
embargo, aquellos expertos en el arte reconoceran que la ventana 214 puede tener
configuraciones alternas incluyendo tener un ancho circunferencial diferente o multipies

secciones de ventana distribuidas circunferencialmente alrededor del tubo de peso 212. El
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tubo de peso 212 incluye secciones de extremo circunferenciales 216 que se dimensionan
para recibirjustamehte las placas de extremo 208. El tubo de peso 212 incluye una pluralidad
de railes 218 que se disefian para engranarse con las muescas 210 de las placas de extremo
208.

En funcionamiento, el sistema de peso dinamicamente ajustable del aparato 200
permite que el personal de campo haga ajustes dindmicos en el centro de gravedad de un
aparato de perforacion en el campo. Esta capacidad proporciona la versatilidad para hacer
ajustes al aparato 200 que no sélo permitira que el personal del campo dispare en una
direccion deseada sino que ademas evitaran disparos en una direccion indeseada, tal como en
la direccion de una linea de control u otro elemento de riesgo dispuesto en el exterior de la
sarta de revestimiento o dentro de la sarta de revestimiento. Especificamente, en la modalidad
ilustrada, esto se logra insertando el sostenedor de carga 204 dentro del tubo de peso 212 de
manera que las cargas huecas 206 se orienten en las direcciones deseadas. Por ejemplo, si el
sostenedor de carga 204 se instalara dentro del tubo de peso 212 como se muestra en la
Figura 8F y se utilizara en un pozo horizontal, el tubo de peso 212 podria provocar que el
ensamble de rotacion 202 rote hacia la posicion representada en la Figura 8F en donde las
cargas huecas 206 podrian disparar a 0 grados en el pozo. Si el sostenedor de carga 204 se
rota 60 grados en cualquier direccion para realinear los railes 218 y las muescas 210, las
cargas huecas 206 podrian disparar a 60 grados o 300 grados en el pozo. Consecuentemente,

las direcciones en que las cargas huecas perforaran el pozo se pueden ajustar dindmicamente

por el personal de campo luego de que se haya determinado la localizacion de cualquier

elemento de riesgo en el hoyo.

Con referencia a continuacion a las Figuras 9A-9B, en las mismas se representan
vistas laterales y en seccion transversal de un aparato para ajustar dinamicamente el centro de
gravedad de un aparato de perforacion de la presente invencidon que generalmente se designa
como 220. Cuando se ensambla, el aparato 220 forma un ensamble de rotaciéon 222 que se
monta de manera rotable en un portador de pistola en una manera descrita anteriormente
mediante los cojinetes 224. El aparato 220 incluye un sostenedor de carga 226 que soporta
una pluralidad de cargas huecas 228. El aparato 220 incluye ademds un sistema de peso
dindmicamente ajustable representado por el tubo de peso 230. El tubo de peso 230 se forma
a partir de un miembro parcialmente tubular. El sostenedor de carga 226 se monta
selectivamente de manera rotable dentro del tubo de peso 230 de manera que el sostenedor de
carga 226 se pueda rotar alrededor de 120 grados circunferencialmente dentro del tubo de

peso 230. En funcionamiento, el sistema de peso dindmicamente ajustable del aparato 220
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permite que el personal de campo haga ajustes dinamicos en el centro de gravedad de un
aparato de perforacién en el campo. Esta capacidad proporciona la versatilidad para hacer
ajustes al aparato 220 que no sdlo permitira que el personal del campo dispare en una
direccién deseada sino que ademas evitara disparos en una direccion indeseada, tal como en
la direccion de una linea de control u otro elemento de riesgo dispuesto en el exterior de la
sarta de revestimiento o dentro de la sarta de revestimiento. Especificamente, en la modalidad
ilustrada, esto se logra liberando selectivamente una conexién tal como un pasador, un
tornillo de ajuste o similares entre el sostenedor de carga 226 y el tubo de peso 230 luego
rotando el sostenedor de carga 226 de manera que las cargas huecas 228 se orienten en la
direccion deseada. Por ejemplo, si el sostenedor de carga 226 se instala dentro de un tubo de
peso 230 como se muestra en la Figura 9A y se utiliza en un pozo horizontal, el tubo de peso
230 podria provocar que el ensamble de rotacion 222 rote hacia la posicion representada en la
Figura 9A en donde las cargas huecas 228 podrian disparar a 0 grados en el pozo. Si se desea
otra direccion circunferencial, sin embargo, el sostenedor de carga 226 se puede ajustar
incrementalmente en ciertas modalidades, o ajustar infinitamente en otras modalidades, a
cualquier posicion entre las localizaciones de maximo recorrido que se han descrito
anteriormente, como aproximadamente 60 grados desde la vertical, en cualquier direccion en
la modalidad ilustrada. Consecuentemente, las direcciones en que las cargas huecas
perforarén el pozo se pueden ajustar dindmicamente por el personal de campo luego de que se
haya determinado la localizacion de cualquier elemento de riesgo en el hoyo.

Con referencia a continuacion a las Figuras 10A-10C, en las mismas se representan
varias vistas de un aparato para ajustar dinamicamente el centro de gravedad de un aparato de
perforacion de la presente invencion que generalmente se designa como 240. El aparato 240
incluye un sostenedor de carga representado por un tubo de carga 242 que se monta de
manera rotable en un portador de pistola de una manera descrita anteriormente mediante los
cojinetes 244, como se observa mejor en las Figuras 10A y 10C. El tubo de carga 242 soporta
una pluralidad de cargas huecas 246. El aparato 240 incluye ademds un sistema de peso
dindmicamente ajustable representado por el tubo de peso 250, como se observa mejor en las
Figuras 10B y 10C. El tubo de peso 250 se forma a partir de un miembro parcialmente
tubular. El sostenedor de carga 250 se monta de manera rotable dentro de un miembro
giratorio 252 que se monta dentro del tubo de carga 242 de manera que el tubo de carga 250
se pueda rotar aproximadamente 120 grados circunferencialmente dentro del tubo de carga
242. Uno o mas miembros de acople representados por los pasadores 254 se usan para

selectivamente evitar la rotacion del tubo de peso 250 en relacion con el miembro giratorio
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252. En funcionamiento, el sistema de peso dinamicamente ajustable del aparato 240 permite
que el personal de campo haga ajustes dindmicos en el centro de gravedad de un aparato de
perforacion en el campo. Esta capacidad proporciona la versatilidad para hacer ajustes al
aparato 240 que no sélo permitird que el personal del campo dispare en una direccion deseada
sino que ademas evitara disparos en una direccion indeseada, tal como en la direccidon de una
linea de control u otro elemento de riesgo dispuesto en el exterior de la sarta de revestimiento
o dentro de la sarta de revestimiento. Especificamente, en la modalidad ilustrada, esto se
logra liberando selectivamente la conexidn, tal como los pasadores 254, entre el tubo de peso
250 y el miembro giratorio 252, luego rotando el tubo de peso 250 en relacion con el
miembro giratorio 252 de manera que el tubo de peso 250 se posicione en la orientacion
deseada en relacion con las cargas huecas 246. Por ejemplo, si el tubo de peso 250 se instala
en relacion con las cargas huecas 246 como se muestra en las Figuras10B-10C y se utiliza en
un pozo horizontal, el tubo de peso 250 podria provocar que el tubo de carga 242 rote hacia la
posicion representada en las Figuras|OB-10C en donde las cargas huecas 246 podrian
disparar a 0 grados en el pozo. Si se desea otra direccion circunferencial, sin embargo, el tubo
de peso 250 se puede ajustar incrementalmente en ciertas modalidades o ajustar infinitamente
en otras modalidades para cualquier posicion entre las localizaciones de maximo recorrido
que se han descrito anteriormente, como aproximadamente 60 grados desde la vertical, en
cualquier direccion en la modalidad ilustrada. Consecuentemente, las direcciones en que las
cargas huecas perforaran el pozo se pueden ajustar dinamicamente por el personal de campo

luego de que se haya determinado la localizacion de cualquier elemento de riesgo en el hoyo.

Mientras esta invencion se ha descrito con referencia a modalidades ilustrativas, esta
descripcion no tiene como objetivo construirse en un sentido limitado. Varias modificaciones
y combinaciones de las modalidades ilustrativas asi como también otras modalidades de la
invencion seran evidentes para personas expertas en el arte haciendo referencia a la
descripcion. Por consiguiente, se pretende que las reivindicaciones anexadas abarquen

cualquiera de tales modificaciones o modalidades.
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REIVINDICACIONES

1. Un aparato de perforacion usado para perforar un pozo subterraneo, el aparato
de perforacién comprende:

un portador de pistola generalmente tubular;

un sostenedor de carga montado de manera rotable dentro del portador de pistola;

al menos una carga hueca montada en el sostenedor de carga y operable para perforar
el pozo durante la detonacion; y

un sistema de peso dinamicamente ajustable asociado de manera operable con el
sostenedor de carga, el sistema de peso dinamicamente ajustable operable para ajustar el
centro de gravedad del sostenedor de carga de manera que la gravedad provocara que el
sostenedor de carga rote dentro del portador de pistola para posicionar al menos una carga
hueca en una direccion circunferencial deseada en relacion con el pozo previo a la
perforacion.

2. El aparato de perforacion mencionado en la reivindicacion 1 en donde el
sistema de peso dindmicamente ajustable comprende ademds una pluralidad de pesos
discretos que se acoplan individualmente al sostenedor de carga en una pluralidad de
localizaciones longitudinales.

3. El aparato de perforacion mencionado en la reivindicacion 2 en donde, para
cada una de las localizaciones longitudinales, el sostenedor de carga incluye una pluralidad
de aberturas distribuidas circunferencialmente.

4, El aparato de perforacion mencionado en la reivindicaciéon 3 en donde las
aberturas distribuidas circunferenciaimente estan distribuidas uniformemente en incrementos
de entre aproximadamente 15 y aproximadamente 60 grados.

5. El aparato de perforacion mencionado en la reivindicacion 2 en donde, para
cada una de las localizaciones longitudinales, el sostenedor de carga incluye una ranura que
se extiende circunferencialmente.

6. El aparato de perforacién mencionado en la reivindicacion S en donde las
ranuras se extienden circunferencialmente entre aproximadamente 90 y 180 grados.

7. El aparato de perforacion mencionado en la reivindicacion | en donde el
sistema de peso dinamicamente ajustable comprende ademas una pluralidad de tubos que se
extienden longitudinalmente operables para contener un material pesado dentro de los

mismos.
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8. El aparato de perforacion mencionado en la reivindicacion 1 en donde el
sistema de peso dinamicamente ajustable comprende ademas pesos formados a partir de un
material maleable.

9. El aparato de perforacion mencionado en la reivindicaciéon 1 en donde el
sistema de peso dindmicamente ajustable comprende ademas un tubo de peso que es rotable
en relacion con el sostenedor de carga.

10. El aparato de perforacion mencionado en la reivindicacion | en donde al
menos una carga hueca comprende ademas una pluralidad de cargas huecas y en donde cada
una de las cargas huecas se posiciona en el sostenedor de carga para disparar sustancialmente
en la misma direccion circunferencial.

11. El aparato de perforacion mencionado en la reivindicacion 1 en donde al
menos una carga hueca comprende ademas una pluralidad de cargas huecas y en donde las
cargas huecas se posiciona en el sostenedor de carga para disparar en multiples direcciones
circunferenciales.

12. Un aparato de perforacion usado para perforar un pozo subterraneo, el aparato
de perforacion comprende:

un portador de pistola generalmente tubular;

un tubo de carga montado de manera rotable dentro del portador de pistola; el tubo de
carga incluyendo una pluralidad de ranuras que se extienden circunferencialmente;

al menos una carga hueca montada en el tubo de carga y operable para perforar el
pozo durante la detonacion; y

un sistema de peso dindmicamente ajustable acoplado con el tubo de carga, el sistema
de peso dindmicamente ajustable incluye una pluralidad de pesos discretos que se acoplan al
tubo de carga en las ranuras, de manera que la localizacion circunferencial de los pesos es
ajustable a lo largo de las ranuras para ajustar el centro de gravedad del tubo de carga de
manera que la gravedad provocara que el tubo de carga rote dentro del portador de pistola
para posicionar al menos una carga hueca en una direccion circunferencial en relacion con el
pozo previo a la perforacion.

13. El aparato de perforacion mencionado en la reivindicacion 12 en donde las
ranuras se extienden circunferencialmente entre aproximadamente 90 y 180 grados.

14. El aparato de perforacion mencionado en la reivindicaciéon 12 en donde las

ranuras adyacentes se extienden en direcciones circunferencialmente opuestas.
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15. El aparato de perforacién mencionado en la reivindicacion 12 en donde los
pesos se unen al tubo de carga usando pernos que son selectivamente desplazables dentro de
las ranuras.

16. El aparato de perforacion mencionado en la reivindicacion 12 en donde al
menos una carga hueca comprende ademas una pluralidad de cargas huecas y en donde cada
una de las cargas huecas se posiciona en el sostenedor de carga para disparar sustancialmente
en la misma direccion circunferencial.

17. El aparato de perforacion mencionado en la reivindicacion 12 en donde al
menos una carga hueca comprende ademas una pluralidad de cargas huecas y en donde las
cargas huecas se posiciona en el sostenedor de carga para disparar en multiples direcciones
circunferenciales.

18. Un método para perforar un pozo subterraneo que comprende las etapas de:

identificar al menos una direccion circunferencial indeseada asociada con un intervalo

de perforacion en el pozo;

ajustar los componentes de un sistema de peso dinamicamente ajustable para cambiar

el centro de gravedad de un sostenedor de carga montado de manera rotable dentro de un
portador de pistola;

posicionar el portador de pistola dentro del intervalo de perforacion en el pozo;

alinear gravitacionalmente al menos una carga hueca montada en el sostenedor de
carga en al menos una direccion circunferencial deseada en relacion con el pozo que no se
corresponda con al menos una direccion circunferencialmente indeseada; y

disparar al menos una carga hueca para perforar el pozo en al menos una direccion
circunferencialmente deseada.

19. El método mencionado en la reivindicacion 18 en donde ajustar los

componentes de un sistema de peso dindmicamente ajustable comprende ademas relocalizar

los pesos discretos circunferencialmente alrededor del sostenedor de carga.

20. El método mencionado en la reivindicacion 19 en donde relocalizar los pesos
discretos circunferencialmente alrededor del sostenedor de carga comprende ademas
relocalizar los pesos discretos en relacion con las aberturas distribuidas circunferencialmente
en el sostenedor de carga.

21. El método mencionado en la reivindicacion 19 en donde relocalizar los pesos
discretos circunferencialmente alrededor del sostenedor de carga comprende ademas
relocalizar los pesos discretos en relacion con las ranuras que se extienden

circunferencialmente en el sostenedor de carga.
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22. El método mencionado en la reivindicacion 18 en donde ajustar los
componentes de un sistema de peso dinamicamente ajustable comprende ademas cambiar la
cantidad del material pesado en al menos un tubo que se extiende longitudinalmente.

23, El método mencionado en la reivindicacion 18 en donde ajustar los
componentes de un sistema de peso dinamicamente ajustable comprende ademas remodelar
el material maleable dispuesto dentro del sostenedor de carga.

24, El método mencionado en la reivindicacion 18 en donde ajustar los
componentes de un sistema de peso dinamicamente ajustable comprende ademas rotar un
tubo de peso en relacion con el sostenedor de carga.

25. El método mencionado en la reivindicacion 18 en donde disparar al menos una
carga hueca para perforar el pozo en al menos una direccion circunferencial deseada
comprende ademds disparar una pluralidad de cargas huecas sustancialmente en la misma
direccion circunferencial.

26. El método mencionado en la reivindicacion 18 en donde disparar al menos una
carga hueca para perforar el pozo en al menos una direccién circunferencial deseada
comprende ademds disparar una pluralidad de cargas huecas en multiples direcciones

circunferenciales.
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SISTEMA Y METODO PARA AJUSTAR DlNAMlCAMENT}E EL CENTRO
DE GRAVEDAD DE UN APARATO DE PERFORACION

RESUMEN DE LA DESCRIPCION

Un aparato de perforacion (100) usado para perforar un pozo subterraneo. El aparato
de perforacion (100) incluye un portador de pistola generalmente tubular (106) que tiene un
sostenedor de carga (104) montado de manera rotable dentro del portador de pistola (106). Al
menos una carga hueca (102) se monta en el sostenedor de carga (104) y es operable para
perforar el pozo durante la detonacion. Un sistema de peso dinamicamente ajustable (124) se
asocia de manera operable al sostenedor de carga (104). El sistema de peso dinamicamente
ajustable (124) es operable para ajustar el centro de gravedad (120) del sostenedor de carga
(104) de manera que la gravedad provocara que el sostenedor de carga (104) rote dentro del
portador de pistola (106) para posicionar al menos una carga hueca (102) en una direccion

circunferencial deseada en relacién con el pozo previo a la perforacion.
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Attorney Docket No.: 2009-1P-019314 ]! PCT

SYSTEM AND METHOD FOR DYNAMICALLY ADJUSTING THE
CENTER OF GRAVITY OF A PERFORATING APPARATUS

TECHNICAL FIELD OF THE INVENTION

10001] This invention relates, in general, to perforating a wellbore that traverses a fluid
bearing subierranean formation using shaped charges and, in particular, to an apparatus and

method tor dynamically adjusting the center of gravity of a perforating apparatus.

BACKGROUND OF THE INVENTION

[0002] Without limiting the scope of the present invention, its background will be described
with reference to perforating a subterranean formation with a shaped charge perforating
apparatus, as an example.

[0003] After drilling the various sections of a subterranean wellbore that traverses o
formation, individual lengths of relatively large diameter metal tubulars are typically sccured
together to form a casing string that is positioned within the wellbore. This casing string
increases the integrity of the wellbore and provides a path for producing fluids from the
producing intervals to the surface. Conventionally, the casing string is cemented within the
wellhore. To produce fluids into the casing string, hydraulic opening or perforation must be
made through the casing string, the cement and a short distance into the formation.

0004} Typicaily, these perforations are created by detonating a series of shaped charges
located within the casing string that are positioned adjacent to the desired foimation.
Specifically, one or more charge carriers are loaded with shaped charges that are conmected
with a detonating device, such as detonating cord. The charge carriers are then connected
within a tool string that is lowered into the cased wellbore at the end of a tubing string,
wireline, slick line, coil tubing or the like. Once the charge carriers are properly positioned in
the wellbore such that the shaped charges are adjacent to the formation to be perforated, the
shaped charges are detonated. Upon detonation, the shaped charges create jets that blast
through scallops or recesses in the carrier. Each jet creates a hydraulic opening through the
casing and the cement and enters the formation forming a perforation.

[0005] 1t has been found, however, that it is sometimes desirable to perforate a wellbore m a
particular direction or range of directions reiative to the wellbore. For example, in a deviated,

inclined or horizontal well, it is frequently beneficial to form perforations in the upward
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direction, the downward direction or both. ~ Attempts have been made to achieve this goal of
perforating wells in particular directions. One method of orienting perforating charges
downhole requires the charges to be rigidly mounted in a gun carrier so that they are pointed
in the desired directions relative to the carrier. The gun carrier is then conveyed into a
wellbore and either laterally biased physically to one side of the wellbore so that the gun
carrier seeks the Jower portion of the wellbore due to gravity, or the gun carrier is rotatably
supported with its center of gravity laterally offset relative to the wellbore. This methad
relies on the gun carrier rotating in the wellbore, so that the gun carrier may be oriented
relative to the force of gravity. Frequently, such orienting rotation is unreliable due to
friction between the gun carrier and the wellbore, debris in the wellbore or the like.

10006] More recently, the assignee of the present invention has developed a perforating gun
that includes a tubular gun carrier, multiple perforating charges, multiple charge mounting
structures and multiple rotating supports. This internally oriented perforating apparatus has
successfully provided increased reliability in orienting perforating charges to shoot in the
desired directions in a well. In this design, the direction or directions of the perforations is
established when the gun is assembly in its manufacturing facility.

[0007] 1t has becn found, however, that in certain installations, it is necessary to avoid
shooting in a particular direction or directions. For example, one or more communication
conduits or controls lines may extend along the exterior of the casing string. During
instalfation, these conduits commonly become wound around the casing string such that the
exact location of these lines can only determined after installation by, for example, logging
the well.

[0008] A need has therefore arisen for an apparatus and method operable to achieve rcliable
downhole orientation of the shaped charges in a perforating apparatus such that the shaped
charges shoot in desired directions. In addition, a need has arisen for such an apparatus and
method operable to achieve reliable downhole orientation of the shaped charges in a

perforating apparatus such that the shaped charges do not shoot in undesired directions.

SUMMARY OF THE INVENTION

[0009] The present mvention disclosed herein comprises an apparatus and method for
dynamically adjusting the center of gravity of a perforating apparatus. The apparatus and
method of the present invention are operable to achieve reliable downhole orientation of
shaped charges in a perforating apparatus such that the shaped charges shoot in desired

directions. In addition, apparatus and method of the present invention are operable to achieve
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reliable downhole orientation of shaped charges in a perforating apparatus such that ihe
shaped charges do not shoot in undesired directions

[0010] In one aspect, the present invention is directed to a perforating apparatus used to
perforate a subterranean well. The perforating apparatus includes a generally tubular gun
carrier having a charge holder rotatably mounted therein. At least one shaped charge is
mounted in the charge holder and is operable to perforate the well upon detonation. A
dynamically adjustable weight system is operably associated to the charge holder. The
dynamically adjustable weight system is operable to adjust the center of gravity of the charge
holder such that gravity will cause the charge holder to rotate within the gun carmier to
position the at least one shaped charge in a desire circumferential direction relative to the
well prior to perforating.

[0011] In one embodiment, the dynamically adjustable weight system includes a plurality of
discrete weights that are individually coupled to the charge holder at a plurality of
longitudinal locations. In this embodiment, for each of the longitudinal locations, the charge
holder may include a plurality of circumferentially distributed openings such as uniformly
distributed openings at between about 15 and 60 degree increments. Alternatively, for sach
of the longitudinal locations, the charge holder may include a circumferentially extending slot
that may extend circumferentially between about 90 and 180 degrees.

[0012] In another embodiment, the dynamically adjustable weight system includes a plurality
of longitudinally extending tubes operable to contain a weighted material therein. In a further
embodiment, the dynamically adjustable weight system includes weights formed from a
malleable material. In yet another embodiment, the dynamically adjustable weight system
includes a weight tube that is rotatable relative to the charge holder. In any of these
embodiments, the at least one shaped charge may include a plurality of shaped charges that
may be positioned in the charge holder to fire in substantially the same circumferential
direction or the shaped charges may be positioned in the charge holder to fire in multiple
circumferential directions.

0013} In another aspect, the present invention is directed to a perforating apparatus used to
perforate a subterranean well. The perforating apparatus includes a generally tubular gun
carrier having a charge tube rotatably mounted therein. The charge tube includes a plurality
of circumferentially extending slots. At least one shaped charge is mounted in the charge
tube and is operable to perforate the well upon detonation. A dynamically adjustable weight
system is coupled to the charge tube. The dynamically adjustable weight system includes a

plurality of discrete weights that are coupled to the charge tube at the slots such that the
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circumferential location of the weights is adjustable along the length of the slots to adjust the
center of gravity of the charge tube such that gravity will cavse the charge tube o rotate
within the gun carrier to pesition the at least ore shaped charge in a desired circumferential
direction relative to the well prior (o perforaiing.

[0014] In one embodiment, adjacent slots in ithe charge tube extend in circumferentially
opposite directions. In another embodiment, the weights are attached to the charge tube using
bolts that are sclectively slidable within the siots.

[0015] In another aspect, the present invention is directed to a racthod of perforating a
subterranean well. The method includes identifying at least one undesired circumferential
direction associated with a perforaiing isterval in the well; adjusting cornponents of &
dynamically adjustable weight system to charge ihe center of gravity of a charge holder
rotatably mounted within a gun carrier; positicning the gun carricr within the perforating
mterval in the well; gravitationally aligning a east one shaped charge mmounted in the charge
holder in at Jeast one desired circwmierentiai divection relative to the well that does noi
correspond with the at least one undesired circumferential direction; and firing the at least
one shaped charge to perforate the well in the at least one desired circumfereniial divection.
{0016] The method may also inctude relocating discrete weights circunferentially about the
charge holder. This may be accomplished by relocating the discrete weights relative 1o
circumferentially distiibuied openings in the charge holder or relocating the discrete weights
relative to circumfcrentialiy extending siots in the charge holder. Aliernatively, the method
may include changing the amount of weighted material in at Jeast one longitudinally
extending tube, reshaping malleable material disposed within the charge holder or rotating a

welght tube relative to the charge hoider.

BRIEE DS

CRIPTION OF THE DRAWINGS

[0017] For .a more corplete understanding of the features and advantages of the present
invention, reference is now made to the detmied description of the invention ajong with the
accompanying figures in which corresponding vumerals in the different figures refer to
corresponding parts and in which: |

10018] Figure 1 is a schematic illustration of an ofishore oil and gas platform operating a
plurality of apparatuses for dynamically adjusting the center of gravity of perforating
apparatuscs of the present invention;

[0019]} Figure 2 is a cross sectional view of one ernbodiment of an apparatus {or dynamicaily

adjusting the center of gravity of a perforating apparatus of the present invention;

uo
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[0020] Figures 3A-3B are side and cross sectional views of one embodiment of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
in'venlion;

[0021] Figures 4A-4B are side and cross sectional views of one embodiment of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention;

[0022] Figure Sis a crosé sectional view of one embodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

[0023] Figure 6 is a cross sectional view of one embodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

[0024] Figures 7A-7B are a cross sectional views of one embodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present
nvention;

[0025] Figures 8A-8G are various views of one embodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

[0026] Figures 9A-9B are a side and top views of one embodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present
invention; and

j0027] Tigures 10A-10C are various views of one embodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
apphcable inventive concepts which can be embodied in a wide variety of specific contexts.
The specific embodiments discussed herein are merely illustrative of specific ways 1o make
and use the mvention, and do not delimit the scope of the present invention.

[0029] Referring initially to Figure 1, a plurality of apparatuses for dynamically adjusting the
center of gravity of perforating apparatuses operating from an offshore oil and gas platform
are schematically illustrated and generally designated 10. A semi-submersible platform 12 is
centered over a submerged oil and gas formation 14 located below sea floor 16. A subsea

conduit 18 extends from deck 20 of platform 12 to wellhead installation 22 including subsea
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blow-out preventers 24. Platform 12 has a hoisting apparatus 26 and a derrick 28 for raising
and Jowering pipe strings such as work sting 30.

[0030] A wellbore 32 extends through the various earth strata including formation 14. A
casing 34 is cemented within wellbore 32 by cement 36. Work string 30 includes various
tools such as a plurality of perforating apparatuses or guns 38. When it is desired to perforate
casing 34, work string 30 is lowered through casing 34 until the perforating guns 38 are
properly positioned relative to formation 14. Thereafter, the shaped charges within the string
of perforating guns 38 are sequentially fired, either in an uphole to downhole or a downhole
to uphole direction. Upon detonation, the liners of the shaped charges form jets that create a
spaced series of perforations extending outwardly through casing 34, cement 36 and into
formation 14, thereby allow fluid communication between formation 14 and wellbore 372,
[0031} In the illustrated embodiment, wellbore 32 has an initial, generally vertical portior 40
and a lower, generally deviated portion 42 which is illustrated as being horizontal. 1t should
be noted, however, by those skilled in the art that the apparatus for dynamically adjusting the
center of gravity of a perforating apparatus of the present invention is equally well-suited for
use in other well configurations including, but not limited to, inclined wells, wells with
restrictions, non-deviated wells, multilateral wells and the like. In addition, even though an
offshore operation has been depicted in figure 1, the apparatus for dynamically adjusting the
center of gravity of a perforating apparatus of the present invention is equally well-suited for
use in onshore operations.

[0032] Work string 30 includes a packer 44 that may be sealingly engaged with casing 34
and is illustrated in the vertical portion 40 of wellbore 32. At the lower end of work string 30
is the gun string including the plurality of perforating guns 38, a ported nipple 46 and a fire
head 48. In the illustrated embodiment, perforating guns 38 include internal orientation
features which allow for reliable rotation of the charge tube within the gun carrier as
described in United States Patent No. 6,595,290 issued to Halliburton Energy Services. inc.
on July 22, 2003, which is hereby incorporated by reference for all purposes.

[0033] Referring now to figure 2, therein is depicted a perforating apparatus that includes an
apparatus for dynamically adjusting the center of gravity of the perforating apparatus of the
present invention that is generally designated 100. In the following description of apparatus
100 as well as the other apparatuses and methods described herein, directional terms such as
“above”, “below”, “upper”, “lower” and the like are used for convenience in referring o the

illustrations as 1t 1s to be understood that the various embodiments of the invention may be
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used in various orientations such as inclined, inverted, horizontal, vertical and the like and in
various configurations, without departing from the principles of the invention.

[0034) Gun 100 includes a plurality of shaped charges 102 that are securably mounted in a
charge holder that is depicted as charge tube 104. Charge tube 104 is rotatably rounted
within gun carrier 106. Preferably, charge tube 104 is made from cylindrical tubing. but it
should be understood that it is not necessary for charge tube 104 to be tubular or have a
cylindrical shape in keeping with the principles of the invention. Charge tube 104 includes
multiple supports 108 that allow charge tube 104 to rotate within gun carrier 106. This
manner of rotatably supporting charge tube 104 prevents charges 102 or any other portion of
charge tube 104 from contacting the interior of gun carrier 106.

[0035] Each of the supports 108 includes rolling elements or bearings 110 contacting the
interior of gun carrier 106. For example, bearings 110 could be ball bearings, roller hearings,
plain bearings or the like. Bearings 110 enable supports 108 to suspend charge tube 104 in
gun carrier 106 and permit rotation thereof. In addition, optional thrust bearings 112 may be
positioned between each end of charge tube 104 and gun carrier 106 such that thrust bearings
112 contact devices 114 attached at each end of gun carrier 106. Each device 114 may be
tandems that arc used to couple two guns to each other, a bull plug used to terminate a gun
string, a firing head, or any other type of device which may be attached to gun carrier 106.
As with bearings 110 described above, thrust bearings 112 may be any type of bearings.
Thrust bearings 112 support charge tube 104 against axial loading within gun carrier 106,
while permitting charge tube 104 to rotate within gun carrier 106.

[0036] Charge tube 104, charges 102 and other portions of gun 100 supported in gun carrier
106 by the supports 108 including, for example, a detonating cord 116 extending to each of
the charges and portions of the supports themselves, are parts of an overall rotating assembly
118. By offsetting a center of gravity 120 of assembly 118 relative to a longitudinal
rotational axis 122 of bearings 110, assembly 118 is hased by gravity to rotate to a specific
position in which the center of gravity 120 is located directly below the rotational axis i22.
[0037} Assembly 118 may, due the construction of the various elements thereof, initially
have the center of gravity 120 in a desired position relative to charges 102. However, to
ensure that charges 102 are directed to shoot in respective predetermined directions, the
center of gravity 120 may be repositioned using a dynamically adjustable weight system that
1s depicted as weights 124. In the illustrated embodiment, on the left side of figure 2. weights
24 arc added to assembly 118 to direct the charges 102 to shoot upward, while on the right

side of figure 2, weights 124 are added to assembly 118 to direct the charges 102 to shoot
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downward. As discussed in greater detail below, weights 124 may be otherwise positioned to
direct the charges 102 to shoot in any desired direction, or combination of directions and to
avoid shooting in undesired directions.

[0038] Gun carrier 106 is provided with reduced wall thickness portions 126, which extend
circumferentially about carrier 106 outwardly overlying each of the charges 102. Thus, as the
charges 102 rotate within carrier 106, they remain directed to shoot through the portions 126.
The reduced wall thickness portions 126 may be formed on carrier 106 by rolling, forging,
lathe cutting or any other suitable technique.

[0039] Referring next to figures 3A and 3B, therein are depicted side and cross sectional
views of an apparatus for dynamically adjusting the center of gravity of a perforating
apparatus of the present invention that is generally designated 130. Apparatus 130 includes a
charge holder depicted as charge tube 132 which houses a plurality of shaped charges 134. Jn
the illustrated embodiment, shaped charges 134 are configured in a 180 degree phascd
pattern, however, those skilled in the art will appreciate that any number of alternative phased
patiems of the shaped charges are possible and are considered within the scope of the present
invention,

[0040] Apparatus 130 also includes a dynamically adjustable weight system depicted as
weights 136, In the illustrated embodiment, each of the weights 136 includes a threaded
portion that is operable to receive therein a complementary threaded bolt 138. Weights 136
are accordingly attached to charge tube 132 by passing the shaft portion of a bolt 138 through
one of a plurality of openings 140 in charge tube 132 and then rotatably coupling that bol
138 to one of the weights 136. As illustrated, each longitudinal location of charge tube 132
that is designed (o receive a weight 136 has eight openings 140 that are circumferentially
spaced apart at 45 degree increments. It should be understood by those skilled in the art.
however, that any number of openings having any desired circumferentially spacing both
aniform and nonuniform is possible and is considered within the scope of the present
mvenation, so long as the structural integrity of charge tube 132 is maintained. For exampie, it
may be desirable to have openings that arc circumferentially spaced uniformly around a
charge tube at between about 15 and about 60 degree increments.

[0041] As uscd hevein, the term dynamically adjustable refers to the ability to change the
cenier of gravity of a perforating apparatus in the field as opposed to only as the perforating
apparatus is manufactured. This ability provides the versatility to make adjustments to
apparatus 130 that will not only allow the field personnel to shoot in a desired direction but

also prevent shooting in an undesired direction, such as in the direction of a conirol iine
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disposed to the exterior of the casing string.  Continuing with this example, if one or more
control lines are position to the exterior of the casing string, it is imperative to avoid Causing
damage to the control lines during the perforating process. As these control lines commonly
take on a spiral configuration around the casing string during installation, the actual location
of the control lines must be determined prior to perforating the well by, for example, logaing
the well. Once the circumferential location of the control lines is known for each depth of the
well, the present invention allows field personnel to custom design the perforating gun siring
such that the control lines can be avoided and the well can be perforated in the desived
directional orientations.

[0042] In the illusirated embodiment, this is accomplished by repositioning the weights 136
relative to any one of the respective openings 140 circumferentially spaced around charge
tube 132, For example, if charge tube 132 were installed within a gun carrier as configured
i figure 313 and deployed in a horizontal well, weights 136 would cause charge tube 132 1
rotate to the position depicted in figure 3B wherein shaped charges 134 would fire at ¢ and
180 degrees m the well. It weights 136 were each moved to the next adjacent position,
shaped charges 134 would fire at 45 and 225 degrees in the well. Likewise, if weights 136
were each moved again to the next adjacent position, shaped charges 134 would fire at 90 and
270 degrees in the well. Accordingly. the directions the shaped charges will perforate the
well may be dynamically adjusted by field personnel after the Jocation of any welibore
hazards has been determined.

{0043] Even though figures 3A-3B have depicted apparatus 130 as having one weiglt
positioned between adjacent shaped charge, it should be understood by those skilled in the art
that no particular relationship is required between the number of weights and the number of
shaped charges in a given perforating apparatus. The number and configuration of the
weights and shaped charges will vary based upon factors such as the desired shots per foot,
the diameter of the charge tube, the explosive mass of the charges, the size of the weights, the
spacing belween charges and the like. The important factor is that the center of gravity is
dynamically adjustable to cause the charge tube to rotate within the gun carrier to the desired
position.

[0044] Referring next to figures 4A and 4B, therein are depicted side and cross sectional
views of an apparatus for dynamically adjusting the center of gravity of a perforating
apparatus of the present invention that is generally designated 150. Apparatus 150 includes a
charge holder depicted as charge tube 152 which houses a plurality of shaped charges 154. In

the illustrated embodiment, shaped charges 154 are configured in a 180 degree phased
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pattern, however, those skilled in the art will appreciate that any number of alternative phased
patterns of the shaped charges are possible and are considered within the scope of the present
invention.

10045] Apparatus 150 also includes a dynamically adjustable weight system depicted as
weights 156. In the illustrated embodiment, each of the weights 156 includes a threaded
portion that is operable to receive therein a complementary threaded bolt 158. Weights 156
are accordingly attached to charge tube 152 by passing the shaft portion of a bolt 158 .through
a slot 160 in charge tube 152 and then rotatably coupling that bolt 158 to one of the weights
156. As illustrated, each longitudinal location of charge tube 152 that is designed to receive a
weight 156 has a slot 160 that circumferentially traverses 180 degrees of charge tubc 132.
Adjacent slots 160 of apparatus 150 are configured such that they extend on opposite sides of
charge tube 152. This design enhances the structural integrity of charge tube 152 and allows
for infinite variability in the center of gravity of apparatus 150. In certain implementations,
weights 156 may be placed in each of the slots 160. In other implementations, it may be
desirable to have weights 156 in every other slot 160 such that each of the weights 156 con be
positioned at the same circumferential position. It should be understood by those skilled in
the art that slots 160 could have other circumferential orientations and could have other
relative spacing arrangement, both uniform and nonuniform, without departing from the
principles of the present invention, so long as the structural integrity of charge tube 152 is
maintained.

[0046] As discussed above, the combination of slots 160 and weights 156 allow for dynamic
adjustiments in the center of gravity of a perforating apparatus in the field. This ability
provides the versatility to make adjustments to apparatus 150 that will not only allow the
field personnel to shoot in a desired direction but also prevent shooting in an undesired
direction, such as in the direction of a control line or other hazard disposed to the exterior of
the casing string or within the casing string. Specifically, in the illustrated embodiment, this
is accomplished by circumferentially repositioning the weights 156 along slots 160 by
Joosening bolts 158, sliding the weights 156 to the desired circumferential position and
resecuring the weights 156 to charge tube 152 with the bolts 158. If charge tube 152 were
installed within a gun carrier as loaded in figure 4B and deployed in a horizontal well,
weights 156 would cause charge tube 152 to rotate to the position depicted in figure 4B
wherein shaped charges 154 would fire at 0 and 180 degrees in the well. Repositioning of the
weights 156 along slots 160, as described above, would allow for firing in any desired

circumferential directions. Accordingly, the directions the shaped charges will perforate the
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well may be dynamically adjusted by field personnel after the location of any wellbore
hazards has been determined.

[0047] Referring next to figure 5, therein is depicted a cross sectional view of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the npresent
invention that is generally designated 170. Apparatus 170 includes a charge holder depicted
as charge tube 172 which houses a plurality of shaped charges (not pictured). Apparatus 170
also includes a dynamically adjustable weight system 174 that is depicted a plurality of tubes
176.  Tubes 176 extend at least partially longitudinally within charge tube 172 and are
operable to contain a weighted material such as a fluid or a solid. As illustrated, appazratus
170 includes seven tubular tubes 176 that are circumferentially distributed within charge tube
172 at 30 degree increments. It should be understood by those skilled in the art that tubes
176 could have other circumferential orientations, both uniform and nonuniform, within
charge tube 172 without departing from the principles of the present invention. Likewise,
even though tubes 176 are depicted as having a tubular cross section, tubes 176 could
alternatively have other cross sections including, but not limited to, oval cross sections,
rectangular cross sections, arc shaped cross sections and the like. In addition, those skilled in
the art will recognize that not all of tubes 176 need to have the same cross section or be o1 the
same size.

[0048] In operation, dynamically adjustable weight system 174 of apparatus 170 allows ficld
personnel to make dynamic adjustments in the center of gravity of a perforating apparatus in
the field. This ability provides the versatility to make adjustments to apparatus 170 that will
not only allow the field personnel to shoot in a desired direction but also prevent shooting in
an undesired direction, such as in the direction of a control line or other hazard disposed to
the exterior of the casing string or within the casing string. Specifically, in the illustrated
embodiment, this is accomplished by adding or reducing the weight within tubes 176 by, for
example, adding or removing a fluid such as water from tubes 176. As the weight is adjusted
in the various tubes 176, the desired downhole rotation of charge tube 172 can be achieved.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by field personnel after the location of any wellbore hazards has been determined.
10049] Referring next to figure 0, therein is depicted a cross sectional view of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the nresent
invention that is generally designated 180. Apparatus 180 includes a charge holder depicted
as charge tube 182 which houses a plurality of shaped charges (not pictured). Apparatus 180

also includes a dynamically adjustable weight system 184 that is depicted a plurality of tubes
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186. Tubes 186 extend at least partially longitudinally along the exterior of charge tube 182
and arc operable to contain a weighted material such as a fluid or a solid. As ilustrated.
apparatus J80 includes seven tubular tubes 186 that are circumferentially distributed within
charge tube 182 at 30 degree increments. 1t should be understood by those skilled in the art
that tubes 186 could have other circumferential orientations, both uniform and nonuniform.
within charge tube 182 without departing from the principles of the present invention.
Likewisc, even though tubes 186 are depicted as having a tubular cross section, tubes 186
could alternatively have other cross sections including, but not limited to, oval cross sections,
rectangular cross sections, arc shaped cross sections and the like. In addition, those skilled in
the art wili rccognize that not all of tubes 186 need to have the same cross section or be of the
same size.

[0050] In operation, dynamically adjustabic weight system 184 of apparatus 180 allows field
persornel to make dynamic adjustments in the center of gravity of a perforating apparatus in
the tield. This ability provides the versatility to make adjustments to apparatus 180 that will
not only allow the field personnel to shoot in a desired direction but also prevent shooting in
an undesired dircction, such as in the direction of a control line or other hazard disposed to
the exierior of the casing string or within the casing string. Specifically. in the illustrated
embodiment, this is accomplished by adding or reducing the weight within tubes 186 by. for
example, adding or removing a fluid such as water from tubes 186. As the weight is adjusted
in the various tubes 186, the desired downhole rotation of charge tube 182 can be achieved.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by tield personnel after the location of any wellbore hazards has been determined.
[0051] Even though figures 5 and 6 have depicted tubes located respectively inside and
outside of a charge tube that are operable to reccive a weighted material therein, those skilled
in the art should recognize that alternate configurations could also be used and would be
considered within the scope of the present invention including, but not limited to, forming
one or more passageways in the wall of the charge tube or similar tubular operable to receive
a weighted material therein.

[0052] Referring next to figures 7A and 7B, therein is depicted cross sectional views of an
apparatus for dynamically adjusting the center of gravity of a perforating apparatus of the
present invention that is generally designated 190. Apparatus 190 includes a charge holder
depicted as charge tube 192 which houses a plurality of shaped charges (not pictured).
Apparatus 190 also includes a dynamically adjustable weight system 194 that is depicied as

malleable weight members 196 that may be formed from a metal such as lead or a polymer.
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Mallcable weight members 196 may extend at least partially longitudinally along the interior
of charge tube 192 or may be discrete weight elements similar to weights 136 and 156
described above. As illustrated, each malleable weight member 196 is coupled to charge tube
192 using one or more bolts 198. In operation, dynamically adjustable weight system 194 of
apparatus 190 allows field personnel to make dynamic adjustments in the center of gravity of
a perforating apparatus in the field. This ability provides the versatility to make adjusiments
to apparatus 190 that will not only allow the field personnel to shoot in a desired direction but
also prevent shooting in an undesired direction, such as in the direction of a control line or
other hazard disposed to the exterior of the casing string or within the casing string.
Specifically, in the illustrated embodiment, this is accomplished by applying pressure or force
to the mallcable material that forms malleable weight members 196 using, for example, an
adjustment tool that is sized to extend into charge tube 192. The location of at least a portion
of the mass of malleable weight members 196 can them be adjusted, as seen in a comparison
of figures 7A and 7B, such that the desired downhole rotation of charge tube 192 can be
achieved. Accordingly, the directions the shaped charges will perforate the well may be
dynamically adjusted by field personnel after the location of any wellbore hazards has been
determined.

J0053] Referring next to figures 8A-8G, therein are depicted various views of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 200. When assembled, apparatus 200 forms a rotating
assembly 202 that is rotatably mounted in a gun carrier in a manner described above.
Apparatus 200 includes a charge holder 204 that supports a plurality of shaped charges 206.
Charge holder 204 is coupled to end plates 208. Each end plate 208 includes a plurality of
notches 210 that are illustrated as being positioned circumferentially around end plates 208 at
60 degree increments, however, those skilled in the art will recognize that notches 210 could
have alternate configurations including having different circumferential spacing. In addition,
depending upon the length of charge holder 204, it may be desirabie to have addition
structures that are similar to end plates 208 positioned at intermediate locations along charge
holder 204 between certain shaped charges 206. Apparatus 200 also includes a dynamically
adjustable weight system depicted as weight tube 212. Weight tube 212 is formed from a
substantially tubular member having a window 214, as best seen in figure 8E. In the
illustrated embodiment, window 214 extends about 120 degrees circumferentially around
weight tube 212, however, those skilled in the art will recognize that window 214 could have

alternate configurations including having a different circumferential width or multiple

13



10

18

25

30

window sections circumferential distributed around weight tube 212. Weight tube 212
includes circumnferential end sections 216 that are sized to closely receive end plates 208.
Weight tube 212 includes a plurality of rails 218 that are designed to mesh with notches 210
of end plates 208.

[0054] Tn operation, the dynamically adjustable weight system of apparatus 200 allows field
personnel to make dynamic adjustments in the center of gravity of a perforating apparaius s
the ficld. This ability provides the versatility to make adjustments to apparatus 200 that will
not only allow the field personnel to shoot in a desired direction but also prevent shooting in
an undesired direction, such as in the direction of a control line or other hazard disposed to
the exterior of the casing string or within the casing string. Specifically, in the illustrated
embodiment, this is accomplished by inserting charge holder 204 into weight tube 212 such
that shaped charges 206 are oriented in the desired direction. For example, if charge holder
204 were installed within weight tube 212 as shown in figure 8F and deployed in a horizontai
well, weight tube 212 would cause rotating assembly 202 to rotate to the position depicted in
figure 8F wherein shaped charges 206 would fire at 0 degrees in the well. If charge holder
204 was rotated 60 degrees in either direction to realign rails 218 and notches 210, shaped
charges 206 would fire at either 60 degrees or 300 degrees in the well. Accordingly, the
directions the shaped charges will perforate the well may be dynamically adjusted by field
personnel after the location of any wellbore hazards has been determined.

[00SS] Referring next to figures 9A-9B, therein are depicted side and top views of an
apparatus tor dynamically adjusting the center of gravity of a perforating apparatus of the
present invention that is generally designated 220. When assembled, apparatus 220 forms 2
rotating assembly 222 that is rotatably mounted in a gun carrier in a manner described above
via bearings 224. Apparatus 220 includes a charge holder 226 that supports a plurality of
shaped charges 228. Apparatus 220 also includes a dynamically adjustable weight system
depicted as weight tube 230. Weight tube 230 is formed from a partially tubular member.
Charge holder 226 is selectively rotatable mounted within weight tube 230 such that chatge
holder 226 may be rotated about 120 degrees circumferentially within weight tube 239. In
operation, the dynamically adjustable weight system of apparatus 220 allows field personnel
to make dynamic adjustments in the center of gravity of a perforating apparatus in the field.
This ability provides the versatility to make adjustments to apparatus 220 that will not only
allow the ficld personnel to shoot in a desired direction but also prevent shooting n an
undesived direction, such as in the direction of a control line or other hazard disposed to the

exterior of the casing string or within the casing string.  Specifically, in the illustrated
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embodiment, this is accomplished by selectively releasing a connection such as a pin. a set
screw or the like between charge holder 226 and weight tube 230 then rotating charge holder
226 such that shaped charges 228 are oriented in the desired direction. For example, if
charge holder 226 was installed within weight tube 230 as shown in figure 9A and deployed
in a horizontal well, weight tube 230 would cause rotating assembly 222 to rotate to the
position depicted in figure 9A wherein shaped charges 228 would fire at 0 degrees in the
well.  1f another circumferential direction is desired, however, charge holder 226 ruv be
incrementally adjusted in certain embodiments or infinitely adjusted in other embodiments to
any position between the locations of maximum travel which have been described above as
approximately 60 degrees from vertical in either direction in the illustrated embodiment.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by field personnel after the location of any wellbore hazards has been determined.

[0056] Referring next to figures 10A-10C, therein are depicted various views of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 240. Apparatus 240 includes a charge holder depicted
as a charge tube 242 that is rotatably mounted in a gun carrier in a manner described above
via bearings 244, as best seen in figures 10A and 10C. Charge tube 242 supports a plurality
of shaped charges 246. Apparatus 240 also includes a dynamically adjustable weight system
depicted as weight tube 250, as best seen in figures 10B and 10C. Weight tube 250 is formed
from a partially tubular member. Weight tube 250 is rotatable mounted within a swivel
member 252 that is mounted within charge tube 242 such that weight tube 250 may be iotated
about 120 degrees circumferentially within charge tube 242. One or more coupling members
depicled as pins 254 are used to selectively prevent rotation of weight tube 250 relative to
swivel member 252. In operation, the dynamically adjustable weight system of apparatus
240 allows field personnel to make dynamic adjustments in the center of gravity of a
perforating apparatus in the field. This ability provides the versatility to make adjustments to
apparatus 240 that will not only allow the field personnel to shoot in a desired direction but
also prevent shooting in an undesired direction, such as in the direction of a contro! jinc o
other hazard disposed to the exterior of the casing string or within the casing string.
Specifically. in the illustrated embodiment, this is accomplished by selectively releasing the
connection, such as pins 254, between weight tube 250 and swivel member 252 then rotating
weight tube 250 relative to swivel member 252 such that weight tube 250 is positioned in the
desired orientation relative to shaped charges 246. For example, if weight tube 250 was

installed relative to shaped charges 246 as shown in figures 10B-10C and deployed in a
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horizontal well, weight tube 250 would cause charge tube 242 to rotate to the pasition
depicted in figures 10B-10C wherein shaped charges 246 would fire at 0 degrees in the well.
If another circumferential direction is desired, however, weight tube 250 may be
incrementally adjusted in certain embodiments or infinitely adjusted in other embodiments to
any position between the locations of maximum travel which have been described above as
approximately 60 degrees from vertical in either direction in the illustrated embodiment.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by field personnel after the location of any wellbore hazards has been determined.

[0057] While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention
will be apparent to persons skilled in the art upon reference to the description. It is, therefore.

mtended that the appended claims encompass any such modifications or embodiments.
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What is claimed is:

1. A perforating apparatus used o perforate a subterrancan well, the pertforaiing
apparatus comprising:

a generally tubular gun carrier;

a charge holder rotatably mounted within the gun carrier;

at least one shaped charge mounted in the charge holder and operable to perforate the
well upon detonation; and

a dynamically adjustable weight system operably associated with the charge holder,
the dynamically adjustable weight system operable 1o adjust the center of gravity oi the
charge holder such that gravity will cause the charge holder to rotate within the gun carrier to
position the at least one shaped charge in a desired circumferential direction relative to the

well prior to perforating.

2. The perforating apparatus as recited in claim 1 wherein the dynamically
adjustable weight system further comprises a plurality of discrete weights that are

individually coupled to the charge holder at a plurality of longitudinal locations.

3. The perforating apparatus as recited in claim 2 wherein, for each of the
Jongitudinal locations, the charge holder includes a plurality of circumferentially distributed

openings.

4. The perforating apparatus as recited in claim 3 wherein the circumfersntially
distributed openings are uniformly distributed at between about 15 and about 60 degcec

merements.

S. The perforating apparatus as recited in claim 2 wherein, for each of the

longitudinal locations, the charge holder includes a circumferentially extending slot.

6. The perforating apparatus as recited in claim 5 wherein the slots extend

circumferentially between about 90 and 180 degrees.

7. The perforating apparatus as recited in claim 1 wherein the dynamically
adjustable weight system further comprises a plurality of longitudinally extending tubes

operable to contain a weighted material therein.
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8. The perforating apparatus as recited in claim 1 wherein the dynamically

adjustable weight system further comprises weights formed from a malleable materiai.

9. The perforating apparatus as recited in claim 1 wherein the dynamically
adjustable weight system further comprises a weight tube that is rotatable relative to tie

charger holder.

10. The perforating apparatus as recited in claim 1 wherein the at least one shaped
charge further comprises a plurality of shaped charges and wherein each of the shaped
charges is positioned in the charge holder to fire in substantially the same circumferential

divection.
1. The perforating apparatus as recited in claim 1 wherein the at least one shaped

charge further comprises a plurality of shaped charges and wherein the shaped charges are

positioned in the charge holder to fire in multiple circumferential directions.
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12. A perforating apparatus used to perforate a subterranean well, the perforating
apparatus comprising:

a generally tubular gun carrier;

a charge tube rotatably mounted within the gun carrier, the charge tube icluding a
plurality of circumferentially extending slots;

at least one shaped charge mounted in the charge tube and operable to perforate the
well upon detonation; and

a dynamically adjustable weight system coupled to the charge tube, the dynamically
adjustable weight system including a plurality of discrete weights that are coupled to the
charge tube at the slots, such that the circumferential location of the weights is adjustable
along the Jength of the slots to adjust the center of gravity of the charge tube such that gravity
will cause the charge tube to rotate within the gun carrier to position the at least one shaped

charge in a desired circumferential direction relative to the well prior to perforating.

13.  The perforating apparatus as recited in claim 12 wherein the slots extend

circumferentially between about 90 and 180 degrees.

14, The perforating apparatus as recited in claim 12 wherein adjacent slots extend

in circumferentially opposite directions.

15. The perforating apparatus as recited in claim 12 wherein the weights are

attached to the charge tube using bolts that are selectively slidable within the slots.

16. The perforating apparatus as recited in claim 12 wherein the at least one
shaped charge further comprises a plurality of shaped charges and wherein each of the shaped
charges is positioned in the charge holder to fire in substantially the same circumferential

direction.
17. The perforating apparatus as recited in claim 12 wherein the at least one

shaped charge further comprises a plurality of shaped charges and wherein the shaped

charges are positioned in the charge holder to fire in multiple circumferential directions.
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18. A method of perforating a subterranean well comprising the steps of:

identifying at least one undesired circumferential direction associated with a
perforating interval in the well;

adjusting components of a dynamically adjustable weight system to change the center
of gravity of a charge holder rotatably mounted within a gun carrier;

positioning the gun carrier within the perforating interval in the well;

gravitationally aligning at least one shaped charge mounted in the charge holder in at
least one desired circumferential direction relative to the well that does not correspond with
the at least one undesired circumferential direction; and

tiring the at least one shaped charge to perforate the well in the at least one desired

circumferential direction.

19.  The method as recited in claim 18 wherein adjusting components of 2
dynamically adjustable weight system further comprises relocating discrete weighis

circumferentially about the charge holder.

20.  The method as recited in claim 19 wherein relocating discrete weights
circumferentially about the charge holder further comprises relocating the discrete weights
relative to circumferentially distributed openings in the charge holder.

21 The method as recited in claim 19 wherein relocating discrete weights

circumferentially about the charge holder further comprises relocating the discrete weights

relative to circumferentially extending slots in the charge holder.

22. The method as recited in claim 18 wherein adjusting components of a
dynamically adjustable weight system further comprises changing the amount of weighted

material in at least one longitudinally extending tube.

23. The method as recited in claim 18 wherein adjusting componenis of a
dynamically adjustable weight system further comprises reshaping malleable inateriai

disposed within the charge holder.



24. The method as recited in claim 18 wherein adjusting components of =z
dynamically adjustable weight system further comprises rotating a weight tube relative to the

charge holder.

25. The method as recited in claim 18 wherein firing the at least one shaped
charge to perforate the well in the at least one desired circumferential direction further
comprises firing a plurality of shaped charges in substantially the same circumferential

direction.
26.  The method as recited in claim 18 wherein firing the at least one shaped

charge to perforate the well in the at least one desired circumferential direction further

comprises firing a plurality of shaped charges in multiple circumferential directions.
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SYSTEM AND METHOD FOR DYNAMICALLY ADJUSTING THE
CENTER OF GRAVITY OF A PERFORATING APPARATUS

ABSTRACT OF THI DISCLOSURE

A perforating apparatus (100) used to perforate a subterranean well. The perforating
apparatus (100) includes a generally tubular gun carrier (106) and a charge holder (104)
rotatably mounted within the gun carrier (106). At least one shaped charge (102) is mounted
in the charge holder (104) and is operable to perforate the well upon detonation. A
dynamically adjustable weight system (124) is operably associated to the charge holder (104).
The dynamically adjustable weight system (124) is operable to adjust the center of gravity
(120) ot the charge holder (104) such that gravity will cause the charge holder (104) to rotate
within the gun carrier (106) to position the at least one shaped charge (102) in a desired

circumferential direction relative te the well prior to perforating.
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Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed intormation, see aiso the PCT Applicant's Guide.

in these Notes, "Article”, "Rule”, and "Section” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searching Authority, one opportunity to amend the claims of the international application. It shouid however be emphasized
that. since all parts of the international application (claims,description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to tite amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some Stales only (see PCT Applicant’s Guide, Annex B).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the international Searching Authority has declared, under Article 17(2), that no international search report would be
established (see PCT Applicant's Guide, International Phase, paragraph 296).

What parts of the international application may be amended?

Under Article 19, only the claims may be amended.

During the international phase, the claims may also be amended (or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under

Article 34 before the International Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 23 ¢,
where applicable, Article 41.

When? Within 2 months from the date of transmittal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
heen recsived on time if they are received by the international Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
Internationatl Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, see below.

How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed.

A replacement sheet or sheets containing a complete set of claims in replacement of all the claims previously filed
must be submitted.

Where a claim is cancelled, no renumbering of the other claims is required. In all cases where claims are
renumbered, they must be renumbered consecutively in Arabic numerals (Section 205(a)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendinents must be submitted with a letter.

The letter will no! be published with the international application and the amended claims. It should not be
confused with the “Statement under Article 19(1)" (see below, under "Statement under Article 19(1)").

The letter must be in English or French, at the choice of the applicant. However, if the language of the

international application is English, the letter must be in English; if the language of the international application

ig French, the letter must be in French.

Notes to Form PCT/ISA/220 (first sheet) (July 2009)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understond
that identical indications concerning several claims may be grouped),whether

(i) the claim is unchanged;

(i} theclaim is cancelled;

(i) the claim is new;

(iv) theclaim replaces one or more claims as filed;

{v) theclaim is the result of the division of a claim as filed.

The foliowing examples illustrate the manner in which amendments must be explained in the
accompanying letter:

1. [Where originally there were 48 claims and after amendment of some ciaims there are 51}:
"Claims 110 29, 31, 32, 34, 35, 37 10 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originally there were 15 claims and after amendment of all claims there are 11]:
“Claims 1 to 15 replaced by amended claims 110 11.”

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding
new claims):
"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelied; new claims 15, 16 and 17 added.” or
"Claims 7 to 13 cancelled: new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are madej:
“Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

“Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact

that such amendments might have on the description and the drawings (which cannot be amended under Article 13(1)).

The statement will be published with the international application and the amended claims.
It must be in the language in which the internationatl application is to be published.
It must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by
using the words "Statement under Article 19(1)."

It may not conlain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference 1o citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for infernational preliminary examination has aiready been filed

if, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments {and any statement ) with the Internationa! Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
transtation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

If a demand for international preliminary examination is made, the written opinion of the international Searching
Authority will, except in certain cases where the Internationat Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the international Bureau under Rule 66.1bis(b}, be
considered to be a written opinion of the International Preliminary Examining Authority. if a demand is macg, the
applicant may submit to the International Preliminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43his. 1 {:))

Consequence with regard to transiation of the international application for entry into the national phase

The applicant's attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/etected Offices, instead of, or in addition to,
the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see the PCT Applicant’s Guids,
Nationat Chapters.

Notas to Form PCT/ISA/220 (second sheet) {(July 2009)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

.3

Appiicant’s or agent's file reference

P Y FOR FURTHER see Form PCT/ISA/220 '

i i [t A ;

09-019374 11 ACTION as well as, where applicable, item & below. s
International application No. International filing date (day/month/year) (Earliest) Priority Date (da_v/h;-.';nth/_vea,';) T ;
PCT/US2010/023545 09/02/2010 13/03/2009 i
Applicant T
HALLIBURTON ENERGY SERVICES, INC.

This international search report has been prepared by this International Searching Authority and is transiitted 1o the applicant

acconding (o Articla 18, A copy is being transmitted to the International Bureau. t

This internafional search report consists of a total of __ 3 . sheets.

iX_J It is also accompanied by a copy of each prior art document cited in this report.

iretems s et lmiay s smrai ey

1. Basis of the report
4. With regard to the language, the international search was carried out on the basis of:

[ Ll the international application in the language in which it was filed

[__l a translation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. [—l This internationa! search report has been established taking into account the rectification of an obvious mistake
- authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).
. [——1] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box o, 1,
2. f—] Certain claims were found unsearchable (See Box No. )

3. [m| Unity of invention is lacking (see Box No i)

4. With regard to the title,

T e o A 8 ot s s e e P R A ke

[E(] the text is approved as submitted by the applicant

r] the text has heen established by this Authority to read as follows:

LA T £ AL S it - 7 T v

5. With regard {0 the abstract,
[i] the text is approved as submitied by the applicant

[_.] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
- may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstractis Figure No. .2 |
|-_>~ ] as suggested by the applicant
[-___] as selected by this Authority, because the applicant failed to suggest a figure
[—WJ as selected by this Authority, because this figure better characterizes the invention

bh. r_] none of the figures is to be published with the abstract

rorm PCTAGA210 (first sheet) (Iuly 2009)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/02354%

A, CLASSIFICATION O JECT MATTER
INV. EZ

F SUB
. 1B43/119
ADD .

According to International Patent Classsification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

E21B

Documentation searched other than minimum documentation 10 the extent that such documents are included in the fields searched

Flactronic data base consulted during the internationat search (name of data base and. where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2003/098158 Al (GEORGE FLINT R [US] ET 1-6,
AL) 29 May 2003 (2003-05-29) 8-21,
23-26
paragraph [0033]
figure 2
X US 2003/188867 Al (PARROTT ROBERT A [US] 1,18

ET AL PARROTT ROBERT A [RU] ET AL)
9 October 2003 (2003-10-09)

claim 1

A US 4 637 478 A (GEORGE FLINT R [US]) 1-26
20 January 1987 (1987-01-20)

column 6, line 64 - column 7, line 8
figure 12

[:] Further documents are listed in the continuation ot Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date
or priority date and not in conflict with the application but

"A" document defining the general state of the art which is not cited 10 understand the principle or theory undertying the

considered to be of particular relevance

invention
"E" earlier document but published on or after the international “X" document of particular ralevance: the claimed invention
fitng date cannot be considered novel or cannot be considered 10
"L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which ig cited to establish the publication date of another

A : o "Y" document of particular relevance; the claimed invention
cation or other special 1eason (as specified)

cannol be considered to involve an inventive step when the

" document relerring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skified
"P" documenl published prior to the internationat filing date but in the an. )
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search repornt
20 September 2010 27/09/2010
Name and mailing address of the 1SA/ Authorized ofticer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Schouten, Adri

Form PLTASA/R210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/023545
Patent document Publication Patent tamily Publication -
cited in search report date mamber(s) date
US 2003098158 Al 29-05-2003 GB 2388893 A 26-11--2003
NO 20025662 A 30-05-2003
US 2003188867 Al 09-10-2003 GB 2401383 A 10-11-2004
NO 20041888 A 10-11-2004
RU 2280150 C2 20-07--2006
US 2008264639 Al 30-10-2608
US 4637478 A 20-01-1987 CA 1211040 Al 09-09~198¢ ;
GB 2128719 A 02-05-1984 !

Form PCT/ISA/210 (patent family annex) (April 2005}



i
|

From the

PATENT COOPERATION TREATY

INTERNATIONAL SEARCHING AUTHORITY

To:

see form PCTASAR20

PCT

(PCT Rule 43bis.1)

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

Date of mailing

TApplicant's or agent's file reference

see form PCTASAR20

FOR FURTHER ACTION
See paragraph 2 below

Tnlérnétional application Nb_. o

internationat filing date (dayfnonth4ear)

Priority date (day/month/ear) V

(day/monthiear) see form PCTASAR10 (second sheet)

PCTAIS2010/023545 09.02.2010 13.03.2008 E
International Patent Classification (IPC) or both national classification and IPC i
INV. E21843119 l
 Applicant !
HALLIBURTON ENERGY SERVICES, INC. '
e wenames i —— e e [ ——— e o]
et ‘ TR
1. This opinion contains indications relating to the following items: ;
K Box No. | Basis of the opinion
0 Box No. Il Priority :
[J Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial appiicability

[J Box No. IV Lack of unity of invention

& Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

[J Box No. VI Certain documents cited

B Box No. VIl Certain defects in the international application

¥ Box No. VIl Cerlain observations on the international application

2.  FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not appiy where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
frorn the date of mailing of Form PCTASA220 or before the expiration of 22 months from the priority date.
whichever expires later.

IFor further options, see Form PCTASAR220.

3. For further details, see notes to Form PCTASAR20.

Name and mai'lvi-r‘m-g_:—lddress of the ISA:

9

L. Fox+4989 2309 - 4465

European Patent Office

-80298 Munich
Tel. +492 8922392 -0

Date of completion of
this opinion

see form
PCTASAR10

1 Authorized Officer

Schouten, Adri
Telephone No. +43 89 2399-6018

Form PCTASA/R237 (Cover Sheet) (July 2009)
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WRITTEN OPINION OF THE . International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010023545

Box No.1 Basis of the opinion

1.

2.

3.

(o]

With regard to the language, this opinion has been established on the basis of:
B  the international application in the language in which it was filed

01 atranslation of the international application into , which is the language of a translation furnished tor the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

[J This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
J  on paper
3 in electronic form
b. (time)
L3 in the international application as filed
0O together with the international application in electronic form

[J  subsequently to this Authority for the purposes of search

. 3 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,

the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

. Additional comments:

Box No. V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

. Statement
Novelty (N) Yes: Claims 3.4,7,8.12-17,20-23
No: Claims 1.2,5,6,8-11, 18, 19, 24-26
fnventive step (IS) Yes: Ciaims 7.22
No: Claims 1-6, 8-21, 23-26
Industrial applicability (1A) Yes: Claims 1-26

No: Claims

. Citations and explanations

see separate sheet

SCTASA/ 237 (April 2007)
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WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010023545

Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supporied by the description, are made:

see separate sheet

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/023545

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1

Reference is made to the foliowing document:

D1 US 2003/098158 A1 (GEORGE FLINT R [US] ET AL) 29 May
2003 (2003-05-29)

INDEPENDENT CLAIM 1

The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of independent apparatus claim 1 is not new.

D1 discloses in paragraph [0033] and in figure 2 (the references in
parentheses applying to this document):

A perforating apparatus (30) used to perforate a subterranean well, the
perforating apparatus (30) comprising:

- a generally tubular gun carrier (36);

- a charge holder (34) rotatably mounted within the gun carrier (36):

- at least one shaped charge (32) mounted in the charge holder (34) and
operable to perforate the well upon detonation; and

- a dynamically adjustable weight system (54) operably associated with the
charge holder (34), the dynamically adjustable weight system (54) operable to
adjust the center of gravity of the charge holder (34) such that gravity will
cause the charge holder (34) to rotate within the gun carrier (36) to position
the at least one shaped charge (32) in a desired circumferential direction
relative to the well prior to perforating.

INDEPENDENT CLAIM 18

The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of independent method claim 18 is not new.

D1 discloses in paragraph [0033] and in figure 2 (the references in
parentheses applying to this document):

A method of perforating a subterranean well comprising the steps of:

- identifying at least one undesired circumferential direction associated with a
perforating interval in the well;

- adjusting components of a dynamically adjustable weight system (&4) to
change the center of gravity of a charge holder (34) rotatably mounted withir
a gun carrier (36);

Form PCT/ISA/237 (Senarate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/023545

- positioning the gun carrier (36) within the perforating interval in the well;

- gravitationally aligning at least one shaped charge (32) mounted in the
charge holder (34) in at least one desired circumferential direction relative to
the well that does not correspond with the at least one undesired
circumferential direction; and

- firing the at least one shaped charge (32) to perforate the well in the at least
one desired circumferential direction.

INDEPENDENT CLAIM 12

The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claim 12 does not involve an inventive step in
the sense of Article 33(3) PCT.

DEPENDENT CLAIMS 2-6,8-11,13-17,19-21,23-26

Dependent claims 2-6,8-11,13-17,19-21,23-26 do not contain any features
which, in combination with the features of any claim to which they refer, meet
the requirements of the PCT in respect of novelty and/or inventive step, for the
following reasons:

- claims 2,5,6,9-11,19,24-26 (novelty): see D1, paragraph [0033] and figure 2;
- claims 3,4,8,13-17,20,21,23 (inventive step): with D1 as the closest prior art,
the features of claims 3,4,8,13-17,20,21,23 are merely one of several straight-
forward possibilities from which the skilled person would select, in accordance
with circumstances, without the exercise of inventive skill, in order to solve the
problem posed.

DEPENDENT CLAIMS 7,22

The combination of the features of dependent claims 7 or 22 is neither known
from, nor rendered obvious by, the available prior art.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/023545

Re ltem Vil

Certain defects in the international application

- Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in D1 is not mentioned in the description, nor is this document identified
therein.

- Independent claims 1,12,18 are not in the two-part form in accordance with Rule 6.3
(b) PCT, which in the present case would be appropriate, with those features known in
combination from the prior art D1 being placed in the preamble (Rule 6.3(b)(i) PCT)
and the remaining features being included in the characterising part (Rule 6.3{b)(ii)
PCT).

- The features of claims 1-26 are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

- The unit foot employed in paragraph [0043] is not recognised in international
practice, contrary to the requirements of Rule 10.1(d) PCT.

Re ltem Vill
Certain observations on the international application

The application does not meet the requirements of Article 6 PCT, because claims 1-26
are not concise.

Although claims 1 and 12 have been drafted as separate independent apparatus
claims, they appear to relate effectively to the same subject-matter and to differ from
each other only with regard to the definition of the subject-matter for which protection
is sought and/or in respect of the terminology used for the features of that subject-
matter. The aforementioned claims therefore lack conciseness and as such do not
meet the requirements of Article 6 PCT.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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Possible steps after receipt of the international search report (I1SR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
comments

End of the
international
phase

Relevant PCT
Rules and more
information

RMNEDOCIHTY «X& 2007040100K | >

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR It is accompanied by the WO-ISA Urlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the 1SR and the WO-1SA the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPO. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/ISA/220 and the corresponding Notes to form PCT/ISA/220.

In principle, the WO-ISA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. |f the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/WO-ISA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the IPEA as before, normally at the same time as
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and o
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an IPRP (international Preliminary Report on Patentability)
which would merely reflect the content of the WO-ISA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the |ISR'WO-ISA the applicant may file informal comments
on the WO-ISA directly with the International Bureau of WIPQ. These
will be communicated to the designated Offices together with the IPRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPQO wil
transform the WO-1SA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Cffices. The IPRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ 12/2003

X232
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SYSTEM AND METHOD FOR DYNAMICALLY ADJUSTING THE
CENTER OF GRAVITY OF A PERFORATING APPARATUS

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates, in general, to perforating a wellbore that traverses a fluid
bearing subterranean formation using shaped charges and, in particular, to an apparatus and

method for dynamically adjusting the center of gravity of a perforating apparatus.

BACKGROUND OF THE INVENTION

:10002] Without limiting the scope of the present invention, its background will be described

‘with reference to perforating a subterrancan formation with a shaped charge perforating

apparatus, as an cxample.

10003] After drilling the various sections of a subterrancan wellbore that traverses a
formation, individual lengths of relatively large diametcr metal tubulars are typically sccured
together to form a casing string that is positioned within the wellbore. This casing string
increases the integrity of the wellbore and provides a path for producing fluids frem the
producing intervals to the surface. Conventionally, the casing string is cemented within the
wellbore. To produce fluids into the casing string, hydraulic opening or perforation must be
made through the casing string, the cement and a short distance into the formation.

{0004] Typically, thesc perforations arc created by detonating a serics of shaped charges
locatcd within the casing string that are positioned adjacent to the desired foimation.
Spccifically, one or more charge carriers are loaded with shaped charges that are connected
with a dctonating device, such as detonating cord. The charge carriers are then connocted
within a tool string that is lowered into the cased wellbore at the end of a tubing string,
wireling, slick line, coil tubing or the like. Once the charge carriers arc properly positioned in
the wellbore such that the shaped charges are adjacent to the formation to be perforated, the
shaped charges are detonated. Upon detonation, the shaped charges create jets that blast
through scallops or recesses in the carrier. Each jet creates a hydraulic opening through the
casing and the cement and enters the formation forming a perforation.

|0005] 1t has been found, however, that it is sometimes desirable to perforate a wellbeore in a
particular direction or range of dircctions relative to the wellbore. For example, in a deviated,

inclincd or horizontal well, it is frequently beneficial to form perforations in the upward
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direction, the downward direction or both.  Attempts have been made to achicve this goal of
perforating wells in particular dircctions. One method of orienting perforating charges
downhole requires the charges to be rigidly mounted in a gun carrier so that they are pointed
i the desired directions relative to the carrier. The gun carrier is then conveyed into a
wellbore and cither laterally biased physically to one side of thc wellbore so that the gun
carrier sceks the lower portion of the wellbore due to gravity, or the gun carrier is rotatably
supported with its center of gravity laterally offset relative to the wellbore. This method
relics on the gun carrier rotating in the wellbore, so that the gun carrier may be oriented
relative to the force of gravity. Frequently, such orienting rotation is unreliable due to
friction between the gun carrier and the wellbore, debris in the wellbore or the like.

10006] More recently, the assignee of the present invention has developed a perforating gun
that includes a tubular gun carricr, multiple perforating charges, multiple charge mounting
structures and multiple rotating supports. This internally oricnted perforating apparatis hi
successfully provided increased reliability in orienting perforating charges to shoot ir: the
desired directions in a well. In this design, the direction or directions of the perforations is
established when the gun is assembly in its manufacturing facility.

[0007] 1t has been found, however, that in certain installations, it is necessary to avoid
shooting in a particular direction or directions. For example, one or more communication
conduits or controls lincs may extend along the exterior of the casing string. During
installation, thesc conduits commonly become wound around the casing string such that the
cxact location of these lines can only determined after installation by, for example, logging
the well.

[0008] A neced has therefore arisen for an apparatus and method operable to achieve reliable
downhole oricntation of the shaped charges in a perforating apparatus such that the shaped
charges shoot in desired directions. In addition, a need has arisen for such an apparatus and
mcthod operable to achieve reliable downhole orientation of the shaped charges v «

perforating apparatus such that the shaped charges do not shoot in undesired directions.

SUMMARY OF THE INVENTION

[0009] The present invention disclosed herein comprises an apparatus and method for
dynamically adjusting the center of gravity of a perforating apparatus. The apparatus and
method of the present invention are operable to achicve reliable downhole orientation of
shapcd charges in a perforating apparatus such that the shaped charges shoot in desired

directions. In addition, apparatus and mcthod of the present invention are operable to achieve
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reliable downhole orientation of shaped charges in a perforating apparatus such that the
shaped charges do not shoot in undesired directions

[0010] In one aspect, the present invention is directed to a perforating apparatus used to
perforatc a subterrancan well.  The perforating apparatus includes a gencrally tubular gun
carricr having a charge holder rotatably mounted therein. At least onc shaped charge is
mounied in the charge holder and is operable to perforate the well upon detonation. A
dynamically adjustablc weight system is operably associated to the charge holder. The
dynamically adjustable weight system is operable to adjust the center of gravity of the charge
holder such that gravity will causc the charge holder to rotate within the gun carrier to
position the at least one shaped charge in a desire circumferential direction relative to the
well prior to perforating.

[0011] In one embodiment, the dynamically adjustable weight system includes a plurality of
discretc weights that are individually coupled to the charge holder at a plurality of
Jongitudinal locations. In this embodiment, for cach of the longitudinal locations, the charge
holder may include a plurality of circumferentially distributed openings such as uniformly
distributed openings at between about 15 and 60 degree increments. Alternatively, for cach
of the longitudinal locations, the charge holder may includc a circumferentially extending slot
that may cxtend circumferentially between about 90 and 180 degrees.

{0012] In another embodiment, the dynamically adjustable weight system includes a plurality
of longitudinally extending tubes operable to contain a weighted material therein. In a further
cmbodiment, the dynamically adjustable weight system includes weights formed from 2
malleable material. 1n yet another embodiment, the dynamically adjustable weight system
includes a weight tube that is rotatable relative to the charge holder. 1In any of these
embodiments, the at least one shaped charge may include a plurality of shaped charges that
may be positioned in the charge holder to fire in substantially the same circumferential
direction or the shaped charges may be positioned in the charge holder to fire in multiple
circumferential dircctions.

[0013} In another aspect, the present invention is dirccted to a perforating apparatus used o
perforate a subterranean well. The perforating apparatus includes a generally tubular gun
carrier having a charge tube rotatably mounted therein. The charge tube includes a plurality
of circumferentially extending slots. At least one shaped charge is mounted in the charge
tube and is operable to perforate the well upon detonation. A dynamically adjustable weight
system 1s coupled to the charge tube. The dynamically adjustable weight system includes a

plarality of discrete weights that are coupled to the charge tube at the slots such that the
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circumferential location of the weights is adjustable along the length of the slots to adjust the
center of gravity of the charge tube such that gravity will cause the charge tube to rotate
within the gun carrier to position the at Icast one shaped charge in a desired circumferential
direction relative to the well prior to perforating.

[0014] In onc cmbodiment, adjacent slots in the charge tube extend in circumferentially
opposite directions. In another embodiment, the weights are attached to the charge tube using
bolts that are sclectively slidable within the slots.

10015} In another aspect, the present invention is directed to a mecthod of perforating a
subterrancan well. The method includes identifying at least onc undesired circumferential
dircction associated with a perforating interval in the well; adjusting components of a
dynamically adjustable weight system to change the center of gravity of a charge holder
rotatably mounted within a gun carrier; positioning the gun carrier within the perforating
interval in the wcll; gravitationally aligning a least one shaped charge mounted in the charge
holder in at least one desired circumfercntial direction relative to the well that docs not
correspond with the at least one undesired circumfcrential direction; and firing the at least
onc shaped charge to perforate the well in the at least one desired circumferential direction.
[0016] The method may also include relocating discrete weights circumferentially abeut the
charge holder. This may be accomplished by relocating the discrete weights relative to
circumferentially distributed openings in the charge holder or relocating the discrete weights
relative to circumferentially extending slots in the charge holder. Altematively, the method
may includc changing the amount of weighted material in at least one longitudinally
cxtending tube, reshaping malleable material disposed within the charge holder or rotating a

weight tube relative to the charge holder.

BRIEF DESCRIPTION OF THE DRAWINGS

{0017] For a more completc understanding of the features and advantages of the present
imvention, reference is now made to the detailed description of the invention along with the
accompanying figures in which corresponding numerals in the different figures refer to
corresponding parts and in which:

[0018] Figure 1 is a schematic illustration of an offshore oil and gas platform operating &
plurality of apparatuses for dynamically adjusting the center of gravity of perforating
apparatuscs of the present invention;

[0019] Figurc 2 is a cross sectional view of one embodiment of an apparatus for dynamically

adjusting the center of gravity of a perforating apparatus of the present invention;
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10020} Figurcs 3A-3B are side and cross sectional views of one embodiment of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention;

[0021] Figurcs 4A-4B are side and cross scctional views of one embodiment of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
mvention;

10022] Figure 5 is a cross sectional view of one embodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

[0023] Figurc 6 is a cross scctional view of onc cmbodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

[0024] Figurcs 7A-7B are a cross scctional views of onc cmbodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present
mvention;

10025] Figurcs 8A-8G are various views of one embodiment of an apparatus for dynamically
adjusting the center of gravity of a perforating apparatus of the present invention;

10026] Figures 9A-9B arc a side and top vicws of onc embodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present
invention; and

{0027] Figures 10A-10C are various views of one embodiment of an apparatus for
dynamically adjusting the center of gravity of a perforating apparatus of the present

mvention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
applicable mventive concepts which can be embodied in a wide variety of specific contexts.
The specific embodiments discussed herein are merely illustrative of specific ways to make
and use the mvention, and do not delimit the scopce of the present invention.

10029} Referving initially to Figure 1, a plurality of apparatuscs for dynamically adjusting the
center of gravity of perforating apparatuses operating from an offshore oil and gas platiorm
are schematically iljustrated and gencerally designated 10. A semi-submersible platform (2 is
centcred over a submerged oil and gas formation 14 located below sea floor 16, A subsca

conduit 18 extends from deck 20 of platform 12 to wellhead installation 22 including subsca

GO



25

30

WO 2010/104634 PCT/US2010/023545

blow-out preventers 24. Platform 12 has a hoisting apparatus 26 and a derrick 28 for raising
and lowering pipc strings such as work sting 30.

[0030] A wellbore 32 extends through the various carth strata including formation 14. A
casing 34 is cemented within wellbore 32 by cement 36. Work string 30 includes various
tools such as a plurality of perforating apparatuses or guns 38. When it is desired to perforate
casing 34, work string 30 is lowered through casing 34 until the perforating guns 38 arc
properly positioned relative to formation 14. Thereafter, the shaped charges within the string
of perforating guns 38 arc sequentially fired, either in an uphole to downhole or a downholc
to upholc direction. Upon detonation, the liners of the shaped charges form jets that create a
spaced scrics of perforations extending outwardly through casing 34, cement 36 and into
formation 14, thercby allow fluid communication between formation 14 and wellbore 32.
(003 1] In the illustrated cmbodiment, wellbore 32 has an initial, generally vertical portion 40
and a lower, gencrally deviated portion 42 which is illustrated as being horizontal. 1t should
be noted, however, by those skilled in the art that the apparatus for dynamically adjusting the
center of gravity of a perforating apparatus of the present invention is equally well-suited for
use in other well configurations including, but not limited to, inclined wells, wells with
restrictions, non-deviated wells, multilateral wells and the like. In addition, even though an
offshore operation has been depicted in figure 1, the apparatus for dynamically adjusting the
center of gravity of a perforating apparatus of the present invention is equally well-suited for
use in onshore opcrations.

[0032} Work string 30 includes a packer 44 that may be sealingly engaged with casing 34
and is illustrated in the vertical portion 40 of wellbore 32. At the lower end of work string 30
is the gun string including the plurality of perforating guns 38, a ported nipple 46 and a fire
head 4R, In the illustrated embodiment, perforating guns 38 include internal orientation
features which allow for reliable rotation of the charge tube within the gun carrier as
described in United States Patent No. 6,595,290 issued to Halliburton Energy Services, Inc.
on July 22, 2003, which is hercby incorporated by reference for all purposes.

[0033] Referring now to figure 2, thercin is depicted a perforating apparatus that includes an
apparatus for dynamically adjusting the center of gravity of the perforating apparatus of the
present invention that is gencrally designated 100. In the following description of apparatus
100 as well as the other apparatuses and methods described herein, directional terms such as
“above”, “below”, “upper”, “lower” and the like arc used for convenience in referring to the

illustrations as it is to be understood that the various embodiments of the invention may be
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uscd in vari.ous oricntations such as inclined, inverted, horizontal, vertical and the like and in
various configurations, without departing from the principles of the invention.

[0034) Gun 100 includes a plurality of shaped charges 102 that are securably mounted in a
charge holder that is depicted as charge tube 104. Charge tube 104 is rotatably mounted
within gun carrier 106. Preferably, charge tube 104 is made from cylindrical tubing, but it
should be understood that it is not necessary for charge tube 104 to be tubular or have 2
cylindrical shape in keeping with the principles of the invention. Charge tube 104 includes
multiple supports 108 that allow charge tube 104 to rotate within gun carrier 106. This
manncr of rotatably supporting charge tubc 104 prevents charges 102 or any other portion of
charge tube 104 from contacting the interior of gun carrier 106.

[0035) Each of thc supports 108 includes rolling elements or bearings 110 contacting the
interior of gun carrier 106. For example, bearings 110 could be ball bearings, rolter bearings,
plain bearings or the like. Bearings 110 enable supports 108 to suspend charge tube 104 in
gun carrice 106 and permit rotation thercof. In addition, optional thrust bearings 112 may be
positioncd between cach end of charge tube 104 and gun carrier 106 such that thrust bearings
112 contact devices 114 attached at cach end of gun carrier 106. Each device 114 may be
tandems that are used to couple two guns to cach other, a bull plug used to terminate a gun
string, a firing head, or any other type of device which may be attached to gun carrier 106.
As with bearings 110 described above, thrust bearings 112 may be any type of bearings.
Thrust bearings 112 support charge tube 104 against axial loading within gun carrier 106,
whilc permitting charge tube 104 to rotate within gun carricr 106.

[0036] Charge tube 104, charges 102 and other portions of gun 100 supported in gun carrics
106 by the supports 108 including, for example, a detonating cord 116 extending to cach of
the charges and portions of the supports themselves, are parts of an overall rotating assembly
118. By offsctting a center of gravity 120 of assembly 118 relative to a longitudinal
rotational axis 122 of bearings 110, assembly 118 is biased by gravity to rotate to a specific
position in which the center of gravity 120 is located directly below the rotational axis 122
0037} Asscmbly 118 may, duc the construction of the various elements thereof, initially
have the center of gravity 120 in a desired position relative to charges 102. However, to
ensurc that charges 102 are directed to shoot in respective predetermined directions, the
center of gravity 120 may be repositioned using a dynamically adjustable weight system that
is depicted as weights 124, In the illustrated embodiment, on the left side of figure 2, weights
124 arc added to assembly 118 to direct the charges 102 to shoot upward, while on the right

side of figure 2, weights 124 are added to assembly 118 to direct the charges 102 to shoot
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downward. As discussed in greater detail below, weights 124 may be otherwise positioned to
direct the charges 102 to shoot in any desired direction, or combination of directions and to
avoid shooting in undesired directions.

[0038] Gun carricr 106 is provided with reduced wall thickness portions 126, which extend
circumferentially about carrier 106 outwardly overlying each of the charges 102. Thus, as the
charges 102 rotate within carrier 106, they remain directed to shoot through the portions 2.
The reduced wall thickness portions 126 may be formed on carrier 106 by rolling, forging,
lathe cutting or any other suitable technique.

[0039] Referring next to figures 3A and 3B, therein are depicted side and cross scctional
views of an apparatus for dynamically adjusting the center of gravity of a perforating
apparatus of the present invention that is generally designated 130. Apparatus 130 inciudes a
charge holder depicted as charge tube 132 which houses a plurality of shaped charges 134. In
the illustrated embodiment, shaped charges 134 are configured in a 180 degrec phascd
pattern, however, those skilled in the art will appreciate that any number of alternative phased
patterns of the shaped charges are possible and are considered within the scope of the present
invention.

{0040] Apparatus 130 also includes a dynamically adjustable weight system depicted as
weights 136, In the illustrated embodiment, each of the weights 136 includes a threaded
portion that is operable to reccive therein a complementary thrcaded bolt 138, Weights 136
arc accordingly attached to charge tube 132 by passing the shaft portion of a bolt 138 through
one of a plurality of openings 140 in charge tube 132 and then rotatably coupling that bolt
J38 (o one of the weights 136. As illustrated, cach longitudinal location of charge tube 132
that js designed to receive a weight 136 has cight openings 140 that are circumferentially
spaced apart at 45 degree increments. It should be understood by those skilled in the art,
however, that any number of openings having any desired circumferentially spacing both
uniform and nonuniform is possible and is considered within the scope of thc present
invention, so long as the structural integrity of charge tube 132 is maintained. For example, it
may be desirable to have openings that are circumferentially spaced uniformly around a
charge tube at between about 15 and about 60 degree increments.

[0041] As used herein, the term dynamically adjustable refers to the ability to change the
center of gravity of a perforating apparatus in the ficld as opposed to only as the perforating
apparatus is manufactured. This ability provides the versatility to make adjustments to
apparatus 130 that will not only allow the field personnel to shoot in a desired direction but

also prevent shooting in an undesired direction, such as in the direction of a contra! line
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disposed to the exterior of the casing string. Continuing with this example, if one or morce
control lines are position to the exterior of the casing string, it is imperative to avoid causing
damage to the control lines during the perforating process. As these control lines commonly
takc on a spiral configuration around the casing string during installation, the actual location
of the control lines must be determined prior to perforating the well by, for example, logging
the well. Once the circumferential location of the control lines is known for cach depth of the
well, the present invention allows ficld personnel to custom design the perforating gun string
such that the control lines can be avoided and the well can be perforated in the desired
dircctional oricntations.

|0042] In the illustrated embodiment, this is accomplished by repositioning the weights 136
rclative to any one of the respective openings 140 circumferentially spaced around charge
tubc 132, For example, if charge tube 132 were installed within a gun carrier as configured
in figurc 3B and deployed in a horizontal well, weights 136 would cause charge tube 132 to
rotate to the position depicted in figure 3B whercin shaped charges 134 would fire at 0 and
180 degreces in the well. 1f weights 136 were each moved to the next adjacent position,
shapcd charges 134 would firc at 45 and 225 degrees in the well. Likewise, if weights 136
were each moved again to the next adjacent position, shaped charges 134 would fire at 90 and
270 dcgrees in the well.  Accordingly, the directions the shaped charges will perforate the
well may be dynamically adjusted by field personnel after the location of any wellbore
hazards has been determined.

[0043] Even though figures 3A-3B have depicted apparatus 130 as having one weight
positioned between adjacent shaped charge, it should be understood by those skilled in the art
that no particular relationship is required between the number of weights and thc nuinber of
shaped charges in a given perforating apparatus. The number and configuration of the
weights and shaped charges will vary based upon factors such as the desired shots per foot,
thc diameter of the charge tube, the explosive mass of the charges, the size of the weights, the
spacing between charges and the like. The important factor is that the center of gravity is
dynamically adjustable to cause the charge tube to rotate within the gun carrier to the desired
position.

|0044] Referring next to figures 4A and 4B, therein are depicted side and cross scctional
vicws of an apparatus for dynamically adjusting the center of gravity of a perforating
apparatus of the present invention that is generally designated 150. Apparatus 150 includes a
charge holder depicted as charge tube 152 which houses a plurality of shaped charges 154. In

the illustrated embodiment, shaped charges 154 are configured in a 180 degrec phased
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pattern, however, thosc skilled in the art will appreciate that any number of alternative phascd
patterns of the shaped charges are possible and are considered within the scope of the presant
invention.

10045] Apparatus 150 also includes a dynamically adjustable weight system depicted as
weights 156, In the illustrated embodiment, each of the weights 156 includes a threaded
portion that is operable to reccive therein a complementary threaded bolt 138. Weights 156
arc accordingly attached to charge tube 152 by passing the shaft portion of a bolt 158 through
a slot 160 in charge tube 152 and then rotatably coupling that bolt 158 to onc of the weights
156. As illustrated, cach longitudinal Jocation of charge tube 152 that is designed to reccive =
weight 156 has a slot 160 that circumfcrentially traverses 180 degrees of charge tube 152.
Adjacent slots 160 of apparatus 150 are configured such that they extend on opposite sides of
charge tube 152, This design enhances the struciural integrity of charge tube 152 and allows
for infinitc variability in the center of gravity of apparatus 150. In certain implementations,
weights 156 may be placed in cach of the slots 160. In other implementations, it may be
destrable to have weights 156 in every other slot 160 such that cach of the weights 156 can be
positioncd at the same circumterential pesition. it should be understood by those skilled in
the art that slots 160 could have other circumfercntial orientations and could have other
rclative spacing arrangement, both uniform and nonuniform, without departing from the
principles of the present invention, so long as the structural integrity of charge tube 152 is
maintained.

[0046] As discussed above, the combination of slots 160 and weights 156 allow for dynamic
adjustments in the center of gravity of a perforating apparatus in the field. This ability
provides the versatility to make adjustments to apparatus 150 that will not only allow the
field personncl to shoot in a desired divection but also prevent shooting in an undesired
direction, such as in the direction of a controi line or other hazard disposed to the exterior of
the casing string or within the casing string. Specifically, in the illustrated embodiment, this
is accomplished by circumferentiaily repositioning the weights 156 along slots 160 by
looscning bolts 158, sliding the weights 156 to the desired circumferential position and
resccuring the weights 156 to charge tube 152 with the bolts 158, If charge tube 152 were
installed within a gun carrier as loaded in figure 4B and deployed in a horizontai well,
weights 156 would cause charge tube 152 to rotate to the position depicted in figure 413
whcerein shaped charges 154 would fire at 0 and 180 degrees in the well. Repositioning of the
wceights 156 along slots 160, as described above, would allow for firing in any desired

circumferential dircctions.  Accordingly, the directions the shaped charges will perforate the
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well may be dynamically adjusted by field personnel after the location of any wejthere
hazards has been determined.

10047} Referring next to figure 5, therein is depicted a cross sectional view of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 170. Apparatus 170 includes a charge holder depicted
as charge tube 172 which houses a plurality of shaped charges (not pictured). Apparatus 170
also includes a dynamically adjustablc weight system 174 that is depicted a plurality of tubes
176. Tubes 176 extend at least partially longitudinally within charge tube 172 and arc
operable to contain a weighted material such as a fluid or a solid. As illustrated, apparatus
170 includes scven tubular tubes 176 that are circumferentially distributed within charge tubce
172 at 30 degrec increments. It should be understood by thosc skilled in the art that tubes
176 could havc other circumferential orientations, both uniform and nonuniform, within
charge tubc 172 without departing from the principles of the present invention. Likewisc,
cven though tubes 176 are depicted as having a tubular cross section, tubes 176 could
alternatively bave other cross scctions including, but not limited to, oval cross scctions,
rectangular cross sections, arc shaped cross scctions and the like. In addition, those skilied in
the art will recognize that not all of tubes 176 need to have the same cross section or be of the
same sizc.

[0048] In operation, dynamically adjustable weight system 174 of apparatus 170 allows ficld
personnel to make dynamic adjustments in the center of gravity of a perforating apparatus in
the field. This ability provides the versatility to make adjustments to apparatus 170 that wiil
not only allow the ficld personnel to shoot in a desired direction but also prevent shooting i
an undesired direction, such as in the direction of a control line or other hazard disposed to
the cxterior of the casing string or within the casing string. Specifically, in the iflustrated
embodiment, this is accomplished by adding or reducing the weight within tubes 176 by, for
cxample, adding or removing a fluid such as water from tubes 176. As the weight is adjusted
in the various tubes 176, the desired downhole rotation of charge tube 172 can be achieved.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by ficld personnel after the location of any wellbore hazards has been determined.
[0049] Referring next to figure 6, therein is depicted a cross sectional view of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 180. Apparatus 180 includes a charge holder depicted
as charge tube 182 which houses a plurality of shaped charges (not pictured). Apparatus 180

also includes a dynamically adjustable weight system 184 that is depicted a plurality of tubes
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186. Tubes 186 extend at least partially longitudinally along the exterior of charge tube 182
and are opcrable to contain a weighted material such as a fluid or a solid. As illustrated,
apparatus 180 includes seven tubular tubes 186 that are circumferentially distributed within
charge tube 182 at 30 degree increments. It should be understood by those skilled in the art
that tubcs 186 could have other circumferential orientations, both uniform and nonuniform,
within charge tube 182 without departing from the principles of the present invention.
Likewise, even though tubes 186 are depicted as having a tubular cross section, tubes 186
could alternatively have other cross sections including, but not limited to, oval cross scctions,
rectangular cross sections, arc shaped cross sections and the like. In addition, those skilled in
the art will recognize that not all of tubes 186 need to have the same cross section or be of the
same sizc.

|0050] In opcration, dynamically adjustable weight systcm 184 of apparatus 180 allows ficld
personncl to make dynamic adjustments in the center of gravity of a perforating apparatas in
the field. This ability provides the versatility to make adjustments to apparatus 180 that will
not only allow the ficld personncel to shoot in a desired direction but also prevent shooting in
an undesired direction, such as in the direction of a control line or other hazard disposed to
the cxtertor of the casing string or within thc casing string. Specifically, in the illustrated
embodiment, this is accomplished by adding or reducing the weight within tubes 186 by, for
examplc, adding or removing a fluid such as water from tubes 186. As the weight is adjusted
in the various tubes 186, the desired downhole rotation of charge tube 182 can be achicved.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjusted by field personnel after the location of any wellbore hazards has been determined.
[0051] Even though figures 5 and 6 have depicted tubes located respectively inside and
outside of a charge tube that are operable to receive a weighted material therein, those skilled
in the art should recognize that alternate configurations could also be used and would be
considered within the scope of the present invention including, but not limited to, forming
onec or more passageways in the wall of the charge tube or similar tubular operable to receive
a weighted matcerial therein,

[0052] Referring next to figures 7A and 7B, therein is depicted cross sectionai views of an
apparatus for dynamically adjusting the center of gravity of a perforating apparatus of the
present invention that is generally designated 190. Apparatus 190 includes a charge holder
depicted as charge tube 192 which houscs a plurality of shaped charges (not pictured).
Apparatus 190 also includes a dynamically adjustable weight system 194 that 1s depicted as

mallcable weight members 196 that may be formed from a metal such as lead or a polymer.
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Mallcable weight members 196 may cxtend at Icast partially longitudinally along the interior
of charge tubc 192 or may be discrete weight clements similar to weights 136 and 156
described above. As illustrated, each malleable weight member 196 is coupled to charge tube
192 using one or more bolts 198. In operation, dynamically adjustable weight system 194 of
apparatus 190 allows ficld personnel to make dynamic adjustments in the center of gravity of
a perforating apparatus in the ficld. This ability provides the versatility to make adjustments
to apparatus 190 that will not only allow the ficld personnel to shoot in a desired direction but
also prevent shooting in an undesired direction, such as in the direction of a contro! linc or
other hazard disposed to the exterior of the casing string or within the casing string,
Specifically, in the illustrated cmbodiment, this is accomplished by applying pressure ot force
to the mallcable material that forms mallcablc weight members 196 using, for example, an
adjustment tool that is sized to extend into charge tube 192. The location of at least a portion
of the mass of malleable weight members 196 can them be adjusted, as seen in a comparison
of figurcs 7A and 7B, such that the desired downhole rotation of charge tube 192 can be
achicved. Accordingly, the directions the shaped charges will perforate the well may be
dynamically adjusted by ficld personnel after the location of any wellbore hazards has heen
determined.

[0053] Referring next to figures 8A-8G, thercin are depicted various views of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 200. When assembled, apparatus 200 forms a rotating
asscmbly 202 that is rotatably mounted in a gun carrier in a manner described above.
Apparatus 200 includes a charge holder 204 that supports a plurality of shaped charges 206.
Charge holder 204 is coupled to end plates 208. Each end plate 208 includes a plurality of
notches 210 that are illustrated as being positionced circumferentially around end plates 208 at
60 degree increments, however, those skitled in the art will recognize that notches 210 could
have alternate configurations including having different circumferential spacing. In addition,
depending upon the length of charge holder 204, it may be desirable to have addition
structures that are similar to end plates 208 positioned at intermediate locations along charge
holder 204 betwecn certain shaped charges 206. Apparatus 200 also includes a dynamically
adjustable weight system depicted as weight tube 212. Weight tube 212 1s formed from a
substantially tubular member having a window 214, as best secen in figure 8E. In the
illustrated embodiment, window 214 extends about 120 degrees circumferentially around
weight tube 212, however, those skilled in the art will recognize that window 214 could have

alternate configurations including having a different circumferential width or multiple
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window scctions circumferential distributed around weight tube 212. Weight tubc 212
includes circumferential end sections 216 that are sized to closcly receive end plates 208,
Weight tube 212 includes a plurality of rails 218 that arc designed to mesh with notches 219
of cnd platcs 208.

[0054] In operation, the dynamically adjustable weight system of apparatus 200 allows field
personnel to make dynamic adjustments in the center of gravity of a perforating apparatus in
the ficld. This ability provides the versatility to make adjustments to apparatus 200 that will
not only alfow the ficld personnel to shoot in a desired direction but also prevent shooting in
an undesired direction, such as in the direction of a control line or other hazard disposcd to
the exterior of the casing string or within the casing string. Specifically, in the ilhustrated
cmbodiment, this is accomplished by inserting charge holder 204 into weight tube 212 such
that shaped charges 206 are oriented in the desired direction. For example, if charge holder
204 were installed within weight tube 212 as shown in figure 8F and deployed in a horizontal
well, weight tube 212 would cause rotating assembly 202 to rotate to the position depicted in
figure &F wherein shaped charges 206 would fire at 0 degrees in the well. If charge holder
204 was rotated 60 degrees in either direction to rcalign rails 218 and notches 210, shaped
charges 206 would firc at cither 60 degrees or 300 degrees in the well.  Accordingly. the
directions the shaped charges will perforate the well may be dynamically adjusted by ficld
personncl after the location of any wellbore hazards has been determined.

[0055] Referring next to figures 9A-9B, therein are depicted side and top views of an
apparatus for dynamically adjusting the center of gravity of a perforating apparatus of the
present tnvention that is generally designated 220. When assembled, apparatus 220 forms a

rotating assembly 222 that is rotatably mounted in a gun carrier in a manner described above

via bearings 224, Apparatus 220 includes a charge holder 226 that supports a plurality of

shaped charges 22R. Apparatus 220 also includes a dynamically adjustable weight system
depicted as weight tube 230. Weight tube 230 is formed from a partially tubular member.
Charge holder 226 is selectively rotatable mounted within weight tube 230 such that charge
holder 226 may be rotated about 120 degrecs circumferentially within weight tube 230. In
operation, the dynamically adjustable weight system of apparatus 220 allows ficld personncl
to make dynamic adjustments in the center of gravity of a perforating apparatus in the {ield.
This ability provides the versatility to make adjustments to apparatus 220 that will not oniv
allow the ficld personnel to shoot in a desired direction but also prevent shooting in an
undesired direction, such as in the direction of a control line or other hazard disposed to the

exterior of the casing string or within the casing string.  Specifically, in the illustrated
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cmbodiment, this is accomplished by selectively relcasing a connection such as a pin, u sct

screw or the like between charge holder 226 and weight tube 230 then rotating charge holder

226 such that shaped charges 228 are oricnted in the desired direction. For example, if

charge holder 226 was installed within weight tube 230 as shown in figure 9A and deployed
in a horizontal well, weight tube 230 would cause rotating assembly 222 to rotate to the
position depicted in figure 9A wherein shaped charges 228 would fire at 0 degrecs in the
well. f another circumferential direction is desired, however, charge holder 226 may he
incrementally adjusted in certain embodiments or infinitely adjusted in other embodiments io
any position betwecen the Jocations of maximum travel which have been described above as
approximatcly 60 degrees from vertical in cither direction in the illustrated embodiment,
Accordingly, the dircctions the shaped charges will perforate the well may be dynamically
adjusted by field personnel after the location of any wellbore hazards has been determined.

10056] Referring next to figures 10A-10C, therein are depicted various views of an apparatus
for dynamically adjusting the center of gravity of a perforating apparatus of the present
invention that is generally designated 240, Apparatus 240 includes a charge holder depicted
as a charge tube 242 that is rotatably mounted in a gun carrier in a manner described above
via bearings 244, as best scen in figures 10A and 10C. Charge tube 242 supports a piurality
of shaped charges 246. Apparatus 240 also includes a dynamically adjustable weight system
depicicd as weight tube 250, as best seen in figures 10B and 10C. Weight tube 250 is formed
from a partially tubular member. Weight tube 250 is rotatable mounted within a swivel
member 252 that is mounted within charge tube 242 such that weight tube 250 may be rotated
about 120 degrees circumferentially within charge tube 242. Onc or more coupling members
depicted as pins 254 are used to sclectively prevent rotation of weight tube 250 relative to
swivel member 252, In operation, the dynamically adjustable weight system of apparatus
240 allows field personncl to make dynamic adjustments in the center of gravity of a
perforating apparatus in the ficld. This ability provides the versatility to make adjustments to
apparatus 240 that will not only allow the ficld personnel to shoot in a desired direction but
also prevent shooting in an undesired direction, such as in the direction of a control line or
other hazard disposed to thc exterior of the casing string or within the casing string.
Spccifically, in the illustrated cmbodiment, this is accomplished by selectively releasing the
connection, such as pins 254, between weight tube 250 and swivel member 252 then rotating
weight tube 250 relative to swivel member 252 such that weight tube 250 is positioned in the
desired orientation relative to shaped charges 246. For example, 1f weight tube 250 was

installed relative to shaped charges 246 as shown in figurcs 10B-10C and deployed in a
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horizontal well, weight tube 250 would cause charge tube 242 to rotate to the position
depicted in figures 10B-10C wherein shaped charges 246 would fire at 0 degrees in the well.
If another circumferential direction is desired, however, weight tube 250 may be
incrementally adjusted in ccrtain embodiments or infinitely adjusted in other embodiments to
any position between the locations of maximum travel which have been described above as
approximately 60 degrees from vertical in either direction in the illustrated embodiment.
Accordingly, the directions the shaped charges will perforate the well may be dynamically
adjustcd by field personnel after the location of any wellbore hazards has been determined.

0057} While this invention has been described with reference to illustrative cmbodiments,
this description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention
will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intendcd that the appended claims encompass any such modifications or embodiments.
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What is claimed is:

1. A perforating apparatus used to perforate a subterranean well, the perforating
apparatus compurising:

a generally tubular gun carrier;

a charge holder rotatably mounted within the gun carrier;

at lcast onc shaped charge mounted in the charge holder and opcrable to perforate the
well upon detonation; and

a dynamically adjustable weight system operably associated with the charge hoider,
the dynamically adjustable weight system operable to adjust the center of gravity of the
charge holder such that gravity will causc the charge holder to rotate within the gun carrier to
position the at least onc shaped charge in a desired circumferential direction relative to the

well prior to perforating,

2. The perforating apparatus as recited in claim | wherein the dynamicatly
adjustable weight system further comprises a plurality of discrete weights that are

individually coupled to the charge holder at a plurality of longitudinal locations.

3. The perforating apparatus as recited in claim 2 wherein, for cach of the
longitudinal locations, the charge holder includes a plurality of circumferentially distributed

openings.

4. The perforating apparatus as recited in claim 3 wherein the circumferentialty
distributed openings arc uniformly distributed at between about 15 and about 60 degree
increments.

5. The perforating apparatus as recited in claim 2 wherein, for each of the

longitudinal locations, the charge holder includes a circumferentially extending slot.

0. The perforating apparatus as recited in claim 5 wherein the slots extend

circumferentially between about 90 and 180 degrees.

7. The perforating apparatus as rccited in claim 1 wherein the dynamucally
adjustabic weight system further comprises a plurality of longitudinally extending tubes

operablc to contain a weighted material therein.
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8. The perforating apparatus as recited in claim 1 wherein the dynamically

adjustable weight system further comprises weights formed from a malleable material.

9. The perforating apparatus as recited in claim | wherein the dynamically
adjustable weight system further compriscs a weight tube that is rotatable relative to the

charger holder.

10.  The perforating apparatus as recited in claim 1 wherein the at least one shaped
charge further comprises a plurality of shaped charges and wherein each of the shaped
charges is positioncd in the charge holder to firc in substantially the same circumferential

dircction.
11, The perforating apparatus as recited in claim 1 wherein the at least one shaped

charge further comprises a plurality of shaped charges and wherein the shaped charges arc

positioned in the charge holder to fire in multiple circumferential directions.
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12, A perforating apparatus used to pcrforate a subtcrrancan well, the perfoiating
apparatus comprising:

a generally tubular gun carrier,

a charge tube rotatably mounted within the gun carrier, the charge tube including a
plurality of circumferentially extending slots;

at least one shaped charge mounted in the charge tube and operable to perforate the
well upon dctonation; and

a dynamically adjustable weight system coupled to the charge tube, the dynamically
adjustable weight system including a plurality of discrete weights that arc coupled 1o the
charge tube at the slots, such that the circumferential location of the weights is adjustable
along the length of the slots to adjust the center of gravity of the charge tube such that gravity
will causc the charge tube to rotate within the gun carrier to position the at least one shaped

charge in a desired circumferential direction relative to the well prior to perforating.

13. The perforating apparatus as rccited in claim 12 wherein the slots cxtend

circumferentially between about 90 and 180 degrecs.

14, The perforating apparatus as recited in claim 12 wherein adjacent slots extend

in circurferentially opposite directions.

15. The perforating apparatus as recited in claim 12 wherein the weights are

attached to the charge tube using bolts that are selectively slidable within the slots.

16.  The perforating apparatus as recited in claim 12 wherein the at least one
shaped charge further comprises a plurality of shaped charges and wherein each of the shaped
charges is positioned in the charge holder to fire in substantially the same circumferential

dircction.
17. The perforating apparatus as recited in claim 12 wherein the at lcast one

shaped charge further comprises a plurality of shaped charges and wherein the shaped

charges are positioned in the charge holder to firc in multiple circumferential directions.
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I8 A method of perforating a subterranean well comprising the steps of:

identifying at least onc undesired circumferential direction associated with a
perforating interval in the well,

adjusting componcnts of a dynamically adjustable weight system to change the center
of gravity of a charge holder rotatably mounted within a gun carrier;

positioning the gun carrier within the perforating interval in the well;

gravitationally aligning at Jcast one shaped charge mounted in the charge holder in at
least onc desired circumfercential direction relative to the well that does not correspond with
the at Icast one undesired circumferential direction; and

firing the at least one shaped charge to perforate the well in the at least one desired

circumferential dircction.

19. The method as rccited in claim 18 wherein adjusting components of a
dynamically adjustable wcight system further compriscs relocating discrete weights

circumfercatially about the charge holder.

20.  The method as recited in claim 19 wherein relocating discrete weights
circumferentially about the charge holder further comprises relocating the discrete weights

retative to circumferentially distributed openings in the charge holder.

2}, The method as recited in claim 19 whercin relocating discrete weights
circumferentially about the charge holder further compriscs relocating the discrete weights

rclative to circumferentially extending slots in the charge holder.
22.  The mcthod as recited in claim 18 wherein adjusting components of a
dynamically adjustable weight system further comprises changing the amount of weighted

material in at Jeast onc Jongitudinally extending tubce.

23 The method as recited in claim 18 wherein adjusting components of a

dynamically adjustable weight system further comprises reshaping malleable material

disposcd within the charge holder.
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24. The mecthod as recited in claim 18 wherein adjusting components of a
dynamically adjustable weight system further comprises rotating a weight tube relative to the

charge holder,

25. The method as recited in claim 18 wherein firing the at least onc shaped
charge to perforate the well in the at least one desired circumferential direction further
comprises firing a plurality of shaped charges in substantially the same circumferential

dircction.
26.  Thc method as recited in claim 18 wherein firing the at least one shaped

charge to perforatc the well in the at least onc desired circumferential direction further

comprises firing a plurality of shaped charges in multiple circumferential directions.
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